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EXECUTIVE  SUMMARY 


A  demonstration  of  Surfactant-Enhanced  Aquifer  Remediation  (SEAR)  was  conducted  from  April 
to  August  1999  at  Site  88,  at  the  location  of  the  central  dry-cleaning  facility  (Building  25),  Marine 
Corps  Base  (MCB)  Camp  Eejeune,  NC.  The  demonstration  included  recovery  and  recycling  of 
surfactant  for  reinjection  during  the  surfactant  flood.  Site  88  is  contaminated  with  immiscible-phase 
tetrachloroethylene  (PCE)  and  Varsol™.  The  PCE  is  present  as  a  dense,  nonaqueous-phase  liquid 
(DNAPE)  beneath  Building  25  and  its  vicinity  in  a  shallow  surficial  aquifer  at  a  depth  of 
approximately  16  to  20  ft.  A  significant  portion  of  the  DNAPE  is  present  in  a  low  permeability  silty 
layer  at  the  base  of  the  shallow,  fine  sand  aquifer.  VarsoE’^  is  present  as  a  light,  nonaqueous-phase 
liquid  (ENAPE)  in  the  upper  portion  of  the  shallow  aquifer,  coincident  with  the  water  table  at  about 
8  to  10  ft  below  ground  surface  (bgs)  but  was  not  targeted  for  remediation.  However,  some 
VarsoE'^  was  present  as  a  minor  component  of  the  PCE  DNAPE  and  was  removed  incidentally  with 
the  PCE  DNAPE. 

The  SEAR  demonstration  was  funded  by  the  United  States  DepaEment  of  Defense  (DoD)  under  the 
Environmental  Security  Technology  Certification  Program  (ESTCP)  and  was  led  by  the  Naval 
Eacilities  Engineering  Service  Center  (NEESC),  Port  Hueneme,  CA.  Additional  financial  and 
in-kind  contributions  were  made  by  the  Naval  Eacilities  Engineering  Command,  Atlantic  Division 
(EANTDIV),  and  the  United  States  Environmental  Protection  Agency’s  (U.S.  EPA’s)  National  Risk 
Management  Research  Eaboratory  (NRMRL)  Sustainable  Technology  Division  in  Cincinnati,  OH, 
and  Subsurface  Remediation  and  Protection  Division  in  Ada,  OK.  This  Cost  and  Performance 
RepoE  includes  a  summary  of  the  technical  performance  of  the  SEAR  technology  based  on  the  MCB 
Camp  Eejeune  demonstration,  and  a  cost  assessment  of  the  demonstration  and  full-scale  SEAR 
implementation.  The  surfactant  flood  was  conducted  by  Duke  Engineering  and  Services  (DE&S), 
with  design  assistance  from  the  University  of  Texas  (Austin)  and  field  and  logistics  assistance  by 
Baker  Environmental  and  OHM  Remediation  Services  Corporation.  Implementation  of  the 
surfactant  recovery  treatment  was  conducted  by  the  U.S.  EPA’s  NRMRL  in  Cincinnati,  OH,  and  by 
the  University  of  Oklahoma  (Norman). 

The  SEAR  demonstration  included  DNAPE  source  zone  characterization  by  soil  coring  and  a 
pre-SEAR  partitioning  interwell  tracer  test  (PITT),  design  and  synthesis  of  a  custom  surfactant, 
surfactant  recovery,  and  a  post-SEAR  PITT  and  soil  coring  for  performance  evaluation.  The 
aboveground  treatment  and  recovery  systems  included  DNAPE  recovery  by  gravity  separation, 
separation  of  the  volatile  compounds  in  a  pervaporation  unit,  and  reconcentration  of  surfactants  by 
ultrafiltration  for  surfactant  reinjection  and  reuse.  The  belowground  system  included  three  injection 
wells,  six  extraction  wells,  two  hydraulic  control  wells,  and  six  multilevel  sampling  locations.  The 
SEAR  demonstration  at  Camp  Eejeune  was  not  intended  to  treat  the  entire  DNAPL-contaminated 
zone,  but  rather  the  test  zone  area,  which  encompassed  approximately  25%  of  the  DNAPE  zone  at 
Site  88. 

A  total  of  76  gal  of  PCE  was  recovered  during  the  demonstration.  Post-SEAR  soil  borings  estimated 
a  DNAPE  volume  of  approximately  29  gal  remaining  in  the  test  zone.  The  surfactant  flood 
demonstration  resulted  in  the  recovery  of  PCE-DNAPL  by  enhanced  solubilization  as  well  as 
enhanced  recovery  due  to  lowered  interfacial  tension  (lET).  The  demonstration  proved  that 
surfactant  injection  can  enhance  the  mobilization  and  recovery  of  DNAPE  in  comparison  to 
conventional  pump-and-treat  technology,  and  that  mobilized  DNAPE  can  be  effectively  contained 
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and  removed  for  treatment  above  ground.  The  preliminary  feasibility  of  using  pervaporation  and 
mieellar-enhaneed  ultrafiltration  unit  (MEUF)  treatment  to  regenerate  the  surfaetant  also  was 
demonstrated;  however,  further  improvements  are  needed  for  these  technologies  to  be  fully 
economically  viable. 

Aquifer  heterogeneity,  especially  the  high  permeability  contrast  between  the  shallower  and  deeper 
zones  in  the  aquifer,  had  a  strong  influence  on  the  SEAR  performance.  The  poor  sweep  of  the 
surfactants  across  the  lower  (i.e.,  basal)  portions  of  the  contaminated  zone  is  primarily  attributed  to 
the  permeability  contrast  between  the  shallower,  more  permeable  zone  (hydraulic  conductivity  [K] 
~5  X  10  "^  cm/sec),  and  the  basal  low-permeability  zone  (K  ~lfi^  cm/sec).  The  sensitivity  of  the 
technology  to  permeability  contrasts  indicates  the  importance  of  performing  a  thorough  DNAPL 
source  zone  characterization,  and  the  need  to  implement  mobility  control  measures. 

Although  the  basal  low-permeability  zone  was  not  fully  remediated  by  SEAR,  the  DNAPE 
remaining  in  this  zone  appears  to  pose  little  risk  at  this  site  with  respect  to  propagation  and  transport 
of  the  aqueous-phase  PCE  plume.  Prior  to  the  SEAR  demonstration,  DNAPL  that  was  present  in 
the  higher  permeability  zone  was  the  primary  cause  of  plume  propagation  and  transport  at  Site  88; 
however,  DNAPL  was  very  effectively  removed  from  this  zone  by  SEAR. 

Costs  for  full-scale  application  of  SEAR  were  estimated  for  a  heterogeneous  low-permeability  site 
(K  ~5  X  10  '*  to  5  X  10'^  cm/sec  [k  =  0.5  to  0.05  pm^])  using  the  parameters  measured  during  the 
demonstration  at  Site  88,  MCB  Camp  Lejeune.  These  parameters  include  costs  for  full  DNAPL 
source  zone  delineation  at  the  site,  assuming  that  none  has  been  conducted  prior  to  implementing 
full-scale  SEAR  for  DNAPL  removal.  Because  the  cost  for  DNAPL  source  zone  characterization, 
performance  assessment,  and  wastewater  treatment  can  vary  from  site  to  site  with  the  availability 
of  existing  wastewater  treatment  facilities,  costs  have  been  presented  separately  from  SEAR  for 
these  aspects.  Full-scale  estimates  include  the  cost  for  full  source  zone  characterization,  a  pilot-scale 
SEAR  test,  and  wastewater  treatment.  The  resulting  full-scale  cost  estimates  are  based  on  the 
following  assumptions:  SEAR  has  not  been  previously  applied  to  the  site,  and  therefore  no  earlier 
DNAPL  delineation  has  been  performed,  and  no  wastewater  facility  preexists  at  the  site.  Because 
the  cost  of  SEAR  application  is  sensitive  to  the  permeability,  a  cost  estimate  was  also  prepared  for 
a  heterogeneous  high  permeability  site  (K  -'1  x  to  1  x  10'^  cm/sec  [k  =  10  to  1  pm^]);  all  of  the 
Camp  Lejeune  site  parameters,  except  the  permeability,  remained  the  same  for  the  two  cost 
estimates. 

The  DNAPL  zone  at  Site  88,  which  can  be  described  as  an  irregular  oval  with  dimensions  of 
approximately  35  ft  by  95  ft,  is  relatively  small,  so  even  at  full  scale  the  recovery  process  resulted 
in  very  high  treatment  costs  that  would  not  be  representative  of  costs  for  a  larger-scale  site. 
Therefore,  two  additional  cost  estimates  were  developed  to  evaluate  the  economy  of  scale  that  can 
be  expected  for  SEAR  when  a  site  with  conditions  similar  to  Camp  Lejeune  is  extended  to  an  area 
of  approximately  0.5  acre  and  1.0  acre.  These  cost  estimates  were  developed  using  the  SEAR  design 
for  the  35  ft  by  95  ft  contamination  as  the  basic  treatment  unit  or  panel  and  assuming  that  the  site 
will  be  remediated  in  a  panel-by-panel  (i.e.,  one  panel  at  a  time)  fashion.  Because  permeability 
affects  the  cost  of  SEAR,  parallel  scaled-up  cost  estimates  were  also  performed  for  a  high 
permeability  site  at  0.5  acre  and  1.0  acre.  For  these  high  permeability  scenarios,  costs  were  also 
developed  assuming  the  use  of  polymer  for  mobility  control  to  improve  the  sweep  of  surfactants 
through  lower  permeability  zones  for  comparison  to  costs  without  mobility  control.  Similar 
scaled-up  cost  estimates  were  not  developed  for  the  low  permeability  scenarios  because  the 
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combination  of  shallow  conditions  and  low  bulk  hydraulic  conductivities  prohibits  the  use  of 
mobility  control  measures.  Finally,  for  both  the  low  and  high  permeability  full-seale  estimates,  the 
cost  benefit  of  surfactant  recovery  proeesses  to  recover  and  reuse  surfactant  was  compared  to 
conventional  wastewater  treatment. 

The  feasibility  of  injeeting  surfactants  is  strongly  dependent  on  the  applieation  of  the  Underground 
Injeetion  Control  (UIC)  regulations,  whieh  vary  from  state  to  state.  Few  states  have  policies  that 
discourage  use  of  injeetion  teehnologies,  and  most  of  those  that  do  require  the  approval  of  individual 
projeets.  A  small  number  of  states  have  rejeeted  most  or  all  of  the  proposals  they  have  reeeived  for 
injeetion  projects  on  policy  or  technical  grounds.  Technical  merits  of  the  proposed  technology,  as 
reflected  in  a  detailed  work  plan,  are  the  most  important  faetors  eonsidered  by  a  state.  Almost  all 
states  rely  on  the  terms  of  the  technical  proposal,  and  almost  all  decisions  are  made  on  a 
ease-by-case  basis.  Several  states  require  a  elosed  system  or  some  other  evidenee  that  all  of  the 
injectate  will  be  eaptured  and  removed,  particularly  for  surfactant  injection.  Any  work  plan  must 
provide  for  comprehensive  monitoring  of  injectate  transport  and  recovery. 

The  feasibility  of  surfactant  reuse  is  strongly  dependent  on  site-speeifie  regulations,  as  eontaminant 
removal  to  maximum  eontaminant  levels  (MCLs)  prior  to  surfactant  reinjection  is  cost-prohibitive. 
A  reeently  completed  surfactant  flood  at  Alameda  Point,  CA,  where  surfactant  reinjection  also  was 
accomplished  with  contaminants  exceeding  MCLs  (U.S.  EPA,  1999;  Hasegawa,  1999),  indieates 
that  the  reinjection  of  surfactants  at  MCB  Camp  Lejeune  is  not  exceptional.  As  regulatory 
interpretations  allowing  the  use  of  injectants  have  reeently  become  more  lenient,  it  is  possible  that 
a  similar  trend  will  follow  for  the  reinjeetion  of  SEAR  proeess  chemicals.  The  eost  benefit  of 
surfactant  recovery  is  strongly  site-speeifie,  not  only  due  to  the  contribution  of  the  aquifer 
geoehemistry  on  subsurface  surfaetant  recoveries,  but  also  due  to  the  site-speeifie  surfactant 
formulation,  extraction  flowrates,  and  treatment  duration  that  govern  the  performance  and 
eeonomies  of  surfaetant  recovery  by  the  aboveground  treatment  proeesses. 
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1.0  TECHNOLOGY  DESCRIPTION 

1.1  INTRODUCTION 

A  demonstration  of  Surfactant-Enhanced  Aquifer  Remediation  (SEAR)  was  conducted  from  April 
to  August  1999  at  Site  88,  at  the  location  of  the  central  dry-cleaning  facility  (Building  25),  Marine 
Corps  Base  (MCB)  Camp  Eejeune,  NC.  The  demonstration  included  recovery  and  recycling  of 
surfactant  for  reinjection  during  the  surfactant  flood.  The  SEAR  demonstration  was  funded  by  the 
United  States  Department  of  Defense  (DoD)  under  the  Environmental  Security  Technology 
Certification  Program  (ESTCP)  and  was  led  by  the  Naval  Eacilities  Engineering  Service  Center 
(NEESC),  Port  Hueneme,  CA.  The  Naval  Eacilities  Engineering  Command,  Atlantic  Division 
(EANTDIV),  also  contributed  substantial  funding  and  logistical  support  for  the  dense, 
nonaqueous-phase  liquid  (DNAPE)  source  zone  characterization  and  SEAR  demonstration, 
including  provision  of  utilities  and  wastewater  treatment.  The  United  States  Environmental 
Protection  Agency’s  (U.S.  EPA’s)  National  Risk  Management  Research  Laboratory  (NRMRL) 
division  in  Cincinnati,  OH,  provided  in-kind  support  for  pervaporation  unit  operation  and  testing; 
and  the  NRMRL  division  in  Ada,  OK,  provided  assistance  with  DNAPE  source  zone 
characterization  and  performance  assessment.  This  report  summarizes  the  technical  performance 
of  the  SEAR  technology  based  on  the  MCB  Camp  Eejeune  demonstration,  and  a  cost  assessment 
of  the  demonstration  and  full-scale  SEAR  implementation.  The  details  of  the  design, 
implementation,  and  technical  performance  assessment  of  the  SEAR  demonstration  are  presented 
in  the  SEAR  Einal  Report  (Duke  Engineering  and  Services  [DE&S],  2000). 

1.2  TECHNOLOGY  BACKGROUND 

Surfactants  are  surface  active  agents  that  have  two  different  chemically  active  parts,  a  hydrophilic 
head  and  a  hydrophobic  tail.  Thus,  they  exhibit  solubility  in  both  water  and  oil.  It  is  this  unique 
property  that  allows  these  agents  to  greatly  increase  the  solubility  of  nonaqueous-phase  liquids 
(NAPLs)  in  water  for  NAPE  removal  by  enhanced  solubilization,  and  also  to  greatly  reduce  the 
interfacial  tension  (lET)  between  the  NAPE  and  water  phases  for  NAPE  removal  by  enhanced 
mobilization.  SEAR  involves  the  injection  of  a  surfactant  solution  consisting  of  surfactant, 
electrolyte,  cosolvent  (i.e.,  alcohol),  and  water.  Surfactant  flooding  is  followed  by  water  flooding 
to  remove  injected  chemicals  and  solubilized  or  mobilized  contaminants  remaining  in  the  aquifer. 
The  extracted  fluids  are  treated  aboveground  to  separate  the  DNAPL-phase  and  dissolved-phase 
contaminants  for  disposal.  The  surfactants  can  be  recovered  for  reinjection  if  desired.  A  conceptual 
illustration  of  the  SEAR  process  is  shown  in  Eigure  1.1.  A  flowchart  showing  the  SEAR 
components  for  the  MCB  Camp  Eejeune  demonstration  is  presented  in  Eigure  1.2.  It  should  be 
noted  that  not  all  the  components  shown  in  Eigure  1 .2  would  be  used  at  every  site.  Eor  example,  an 
alternative  scheme,  discussed  in  Section  4.2,  may  be  used  if  surfactant  recovery  and  reuse  are  not 
desired. 

When  designing  a  surfactant  flood,  surfactants  are  screened  for  acceptable  toxicity  and 
biodegradation  characteristics,  and  minimal  sorption  to  the  aquifer  mineral  surfaces.  In  most 
aquifers,  mineral  surfaces  are  negatively  charged;  thus,  anionic  surfactants  are  selected  because  they 
are  composed  of  negatively  charged  water-soluble  heads,  which  exhibit  minimal  sorption.  The 
solubilization  as  well  as  the  lET  reduction  capacity  of  most  anionic  surfactants  are  sensitive  to  the 
electrolyte  concentration.  Therefore,  anionic  surfactants  are  studied  over  a  wide  range  of  salinities 
to  determine  the  appropriate  electrolyte  concentration  for  phase  stability  and  NAPE  solubilization. 
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Figure  1.1.  Conceptual  Picture  of  SEAR. 

If  the  hydrogeology  permits  the  use  of  a  low-IFT  surfactant  system,  the  salinity  is  adjusted  to 
achieve  ultralow  IFTs.  Ultralow  IFTs  are  achieved  when  the  surfactants  form  a  three-phase  system 
(Winsor  Type  III),  which  contains  excess  water  and  NAPL  as  well  as  a  separate  middle  phase  with 
a  large  fraction  of  solubilized  NAPL.  Because  not  all  surfactants  can  form  Winsor  Type  III  systems, 
the  ability  to  achieve  ultralow  IFT  may  become  an  additional  surfactant  selection  criteria.  An 
ultralow  IFT  system  that  will  result  in  DNAPL  mobilization  should  not  be  used  if  the  site  does  not 
have  an  adequate  geologic  barrier  to  prevent  downward  DNAPL  migration;  instead,  a  solubilization 
system  that  minimizes  the  lowering  of  IFT  should  be  designed.  Typically,  solubilization  systems 
exhibit  Winsor  Type  I  behavior.  However,  it  is  also  true  that  low-IFT  Winsor  Type  III  systems 
generally  can  achieve  a  much  greater  solubilization  of  NAPL,  which  is  more  economical;  if  carefully 
designed,  DNAPL  mobilization  risks  can  be  mitigated,  although  not  completely  eliminated. 
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Figure  1.2.  Flowchart  for  the  SEAR  Demonstration  at  Site  88,  MCB  Camp  Lejeune 


Cosolvent  is  used  to  improve  the  solubility  of  surfactant  in  water,  so  that  the  resulting 
surfactant-NAPL  solution  (microemulsion)  has  an  acceptable  viscosity  (<10  centipoise).  High 
microemulsion  viscosities  can  indicate  the  formation  of  surfactant  precipitates  that  will  cause  pore 
plugging.  The  addition  of  cosolvent  also  influences  the  surfactant  phase  behavior,  and  its  impacts 
must  be  examined  under  a  range  of  system  salinities.  After  surfactants  have  been  evaluated  for 
phase  behavior  with  the  site  NAPL,  soil  column  studies  are  performed  to  evaluate  surfactant 
performance  with  contaminated  site  soils.  During  soil  column  testing,  the  difference  in  pressures 
between  the  inlet  and  outlet  of  the  column  is  monitored  to  ensure  that  there  is  no  pore  plugging  by 
surfactant  due  to  the  formation  of  liquid  crystals  or  gels,  and/or  by  ion  exchange  that  mobilizes  clay 
fines.  Initial  and  final  DNAPL  saturations  are  measured  in  the  soil  column  to  estimate  the  mass  of 
DNAPL  removed  by  the  surfactant  solution  and  postsurfactant  water  flooding.  The  volume  of 
DNAPL  mobilized  by  the  surfactant  solution,  if  any,  is  noted. 

The  SEAR  technology  is  potentially  applicable  to  any  type  of  NAPL  that  is  located  in  the  saturated 
subsurface.  It  has  been  applied  to  the  removal  of  various  chlorinated  solvents,  creosote,  gasoline, 
jet  fuels,  and  polychlorinated  biphenyls  (PCBs)  (Lowe  et  al.,  1999b).  Perhaps  the  greatest  demand 
for  the  technology  is  for  the  remediation  of  chlorinated  hydrocarbon  DNAPLs.  This  demand  is  due 
to  the  prevalence  of  these  DNAPLs  as  contaminants,  the  risk  associated  with  their  presence  in  the 
subsurface,  and  the  poor  performance  of  conventional  remedial  technologies  that  have  been 
developed  primarily  to  remove  dissolved-phase  contamination. 

1,3  THEORY  OF  OPERATION  AND  LIMITATIONS 

Implementation  of  SEAR  requires  the  delivery  of  surfactant  to  the  DNAPL  zone  via  injection  wells 
and  the  subsequent  flow  of  surfactant  through  the  DNAPL  zone,  followed  by  the  recovery  of 
surfactant  and  solubilized  DNAPL  via  extraction  wells.  The  volume  of  aquifer  that  is  contacted  by 
surfactant  as  it  flows  through  the  subsurface  is  termed  “swept  pore  volume.”  The  DNAPL  zone 
must  be  carefully  characterized  prior  to  SEAR  activities  in  order  to  develop  a  cost-effective  SEAR 
design  (e.g.,  delineating  the  extent  of  the  DNAPL  zone  in  order  to  design  the  surfactant  flood  to 
target  the  appropriate  swept  pore  volume). 

Design  simulations  must  be  conducted  to  optimize  the  flow  of  surfactant  through  the  DNAPL  zone. 
A  properly  designed  surfactant  flood  includes  hydraulic  control  to  direct  the  flow  of  surfactant 
through  the  DNAPL  zone  and  to  capture  the  surfactant  injectate  and  solubilized  DNAPL  at  the 
extraction  wells.  This  control  is  important  not  only  to  use  chemicals  efficiently,  but  also  to 
minimize  the  risk  of  uncontrolled  DNAPL  migration  beyond  the  treatment  zone.  Hydraulic  control 
is  implemented  through  the  combination  of  well  placement  and  flowrates  of  injection,  extraction, 
and  hydraulic  control  wells.  A  properly  implemented  hydraulic  control  flow  system  captures  the 
injected  fluids  and  removes  DNAPL;  such  a  forced-gradient  flow  system  also  focuses  the  flow  of 
injectate  for  a  more  effective  sweep  through  the  targeted  DNAPL  zones. 

The  primary  limitations  that  affect  the  cost  and  performance  of  SEAR  are  related  to  the  intrinsic 
permeability  (k)  and/or  the  permeability  contrast  (i.e.,  degree  of  heterogeneity)  that  is  present  in  the 
DNAPL  zone.  To  solubilize  DNAPL  with  surfactants,  a  sufficient  mass  of  surfactant  must  sweep 
through  the  DNAPL  zone  in  order  to  remediate  the  aquifer.  If  the  bulk  permeability  is  too  low,  then 
surfactant  cannot  be  injected  and  extracted  cost-effectively.  However,  it  is  difficult  to  make  a 
general  rule  of  thumb  to  define  the  lower  permeability  limit  for  the  application  of  surfactants.  This 
is  because  groundwater  velocity  (simplified  as  v  =  Ki)  is  directly  proportional  to  both  hydraulic 
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conductivity  (K)  and  hydraulic  gradient  (i),  which  means  that  both  the  permeability  and  the 
maximum  potential  hydraulie  gradient  must  be  evaluated  on  a  site-speeific  basis.  In  a  shallow, 
unconfined  aquifer  sueh  as  the  one  at  Site  88,  permeability  is  more  limiting  than  at  a  deeper  site 
because  a  shallow  site  has  a  narrower  range  of  hydraulie  gradients  to  be  eonsidered  for  the  SEAR 
design  than  a  design  for  a  deeper  site.  Also,  if  a  significant  permeability  contrast  is  present  in  the 
DNAPL  zone,  it  will  inerease  the  duration  of  the  surfactant  flood  to  clean  the  low-permeability 
zones.  In  many  eases,  where  the  bulk  permeability  is  sufficiently  high,  polymer  or  foam  may  be 
used  as  a  means  of  mobility  eontrol  to  vastly  improve  the  sweep  of  surfactants  through  the 
lower-permeability  zones.  During  the  ESTCP  demonstration,  mobility  control  was  not  used  due  to 
the  limitations  presented  by  the  shallow  low  permeability  site  conditions,  as  well  as  the  emphasis 
on  obtaining  a  low  critieal  mieelle  eoncentration  (erne)  surfaetant  to  aecomplish  surfactant  recovery 
objectives.  A  surfactant  flood  designed  speeifically  for  mobility  control  would  focus  either  on  a 
well-foaming  surfactant  used  in  a  formulation  free  of  cosolvent  (due  to  the  antifoaming  properties 
of  alcohol  cosolvents)  or  surfactant  compatibility  with  polymer.  A  general  rule  of  thumb  ean  be 
made  with  respect  to  the  effects  of  permeability  and  heterogeneity  upon  the  costs  of  SEAR:  as 
permeability  deereases  and/or  the  degree  of  heterogeneity  inereases,  the  duration  of  SEAR  inereases, 
whieh  also  increases  the  unit  eost  of  SEAR.  This  general  rule  is  also  applicable  to  the  effects  on  unit 
costs  and  duration  for  all  other  remedial  technologies  as  well. 

SEAR  effluent  treatment  is  complieated  primarily  by  the  presenee  of  surfaetant,  whieh  may  eause 
a  foaming  problem  if  vapor-liquid  stripping  processes  are  employed,  and  reduees  contaminant 
removal  effieiency  due  to  partitioning  of  contaminant  into  the  surfaetant  aggregates.  Application 
of  conventional  proeesses,  sueh  as  air  stripping  or  steam  stripping,  may  neeessitate  the  addition  of 
antifoam  agents  or  other  significant  operational  changes  in  order  to  eontrol  surfactant  foaming.  The 
combination  of  reduced  contaminant  removal  efficieney  and  higher  contaminant  loading,  resulting 
from  the  solubilization  capacity  of  the  surfactant  solution,  must  be  considered  when  designing  an 
appropriate  treatment  proeess.  In  addition,  if  aleohol  is  present  in  the  surfaetant  formulation,  then 
alcohol  removal  may  be  required  prior  to  discharging  the  SEAR  effluent  to  a  publicly  owned 
treatment  works  (POTW)  or  industrial  wastewater  treatment  plant  (IWTP).  Due  to  the  high 
solubility  of  most  aleohols  in  water,  and  the  resulting  low  vapor-liquid  partitioning  of  these 
eompounds,  alcohol  removal  will  typieally  require  a  proeess  that  is  separate  from  the  eontaminant 
removal  proeess. 

When  on-site  faeilities  are  not  available  for  proeessing  the  SEAR  effluent,  the  expense  of  SEAR 
effluent  treatment  favors  examination  of  treatment  processes  that  can  recycle  SEAR  chemicals.  In 
this  ESTCP  demonstration,  the  recovery  and  reuse  of  surfaetants  was  examined.  The  use  of 
pervaporation  as  the  contaminant  removal  step  avoided  the  surfactant  foaming  problem  without  the 
addition  of  antifoam  agents,  whieh  assisted  the  recyelability  of  the  surfactant.  Pervaporation  effluent 
was  sent  to  an  ultrafiltration  (UF)  unit  to  remove  excess  water  from  the  surfactant  prior  to 
reinjection.  Alcohol  recovery  was  not  a  demonstration  objective;  however,  it  was  tested  on  a 
small-scale  using  a  seeond  set  of  pervaporation  membranes  (Appendix  H  of  the  SEAR  Final  Report, 
DE&S,  2000). 
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1.4  SPECIFICATIONS 


The  SEAR  design  specifications  include  the  surfactant  design  formulation,  number  of  wells  and  the 
well  field  configuration,  flowrates,  and  the  duration  of  all  phases  of  operation  (e.g.,  prewater  flood, 
surfactant  flood,  and  postwater  flood).  The  specifications  depend  on  factors  such  as  the  surfactant 
selection  process,  remedial  design  characterization  that  leads  to  a  conceptual  site  model  (or 
geosystem  model),  design  simulations  using  the  geosystem  model  to  optimize  the  sweep  of 
surfactants  and  to  minimize  the  chemical  requirement,  and  the  scale  of  the  remediation  project. 

Wells  are  the  means  by  which  surfactant  is  delivered  to  the  subsurface  and  by  which  DNAPL  is 
removed.  Properly  designed  and  installed  wells  are  crucial  to  the  success  of  a  SEAR  project.  Poorly 
performing  wells  may  not  allow  the  implementation  of  design  flowrates.  SEAR  performance  is 
highly  dependent  on  the  performance  of  the  wells  to  achieve  an  efficient  sweep  of  surfactants 
through  the  DNAPE  zone,  so  the  use  of  inefficient  wells  generally  will  reduce  remediation 
performance.  Because  well  installation  is  such  a  routine,  conventional  process,  it  is  often 
overlooked  as  a  performance  factor.  Because  of  this,  wells  are  likely  the  most  underrated 
component  of  the  SEAR  system.  Wells  must  be  screened  across  the  appropriate  depth  intervals  in 
terms  of  screen  length  and  placement.  Also,  it  is  very  important  to  fully  develop  the  wells  to 
maximize  the  efficiency  (i.e.,  productivity)  of  all  performance  wells.  Highly  efficient  wells  are 
required  for  injection,  extraction,  and  hydraulic  control.  Wells  used  for  sampling  or  monitoring, 
however,  do  not  need  to  be  highly  efficient,  although  screen  placement  is  still  crucial  to  obtaining 
representative  data  for  SEAR  performance  assessment. 

SEAR  operations  should  be  electronically  monitored  and  controlled  with  a  supervisory  control  and 
data  acquisition  (SCAD A)  system.  The  SCADA  system  provides  continuous  control,  monitoring, 
and  alarms  to  notify  the  SEAR  operators  when  certain  parameters  (e.g.,  injection  or  extraction 
flowrates)  deviate  from  design  specifications.  The  SCADA  system  also  reduces  operating  costs  by 
allowing  unstaffed  operations  overnight,  and  improves  remediation  performance  by  alerting  the 
operator  to  out-of-spec  conditions  as  they  occur.  The  SCADA  system  can  be  designed  and 
constructed  using  conventional  off-the-shelf  components,  such  as  flow  control  valves  and  meters, 
and  autosample  collectors.  The  train  of  components  is  coordinated  with  system  software  that  must 
be  customized  for  each  project  to  address  the  site-specific  number  of  such  items  as  injection  wells, 
extraction  wells,  and  sampling  intervals.  The  SCADA  system,  control  valves,  and  flowmeters  are 
typically  housed  inside  a  trailer,  which  is  collectively  referred  to  as  the  control  trailer. 

The  design  of  the  SEAR  effluent  treatment  process  depends  on  the  treatment  objectives  (disposal 
or  chemical  recycling),  DNAPE  composition,  and  flowrate.  The  treatment  standards  will  be  dictated 
by  the  discharge  limits  or  reinjection  standards  and  will  vary  from  site  to  site;  at  some  sites,  the 
standards  imposed  for  the  injected  fluid  may  be  too  stringent  to  make  surfactant  reuse  economical. 
Surfactant  recycling  generally  requires  the  use  of  a  contaminant  removal  process  that  avoids  the 
addition  of  an  antifoam  agent,  as  well  as  a  second  step  to  concentrate  surfactant.  Pervaporation  and 
liquid-liquid  extraction  (or  absorption)  meet  the  demands  of  the  first  step.  Air  stripping  may  be  a 
viable  option  for  volatile  contaminant  removal,  if  it  can  be  performed  without  the  addition  of 
antifoam  chemicals.  Elltrafiltration  and  nanofiltration  are  currently  the  only  commercially  available 
technologies  that  can  accomplish  the  recovery  of  surfactants.  If  disposal  of  SEAR  effluent  is 
intended,  a  more  conventional  process  (such  as  air  stripping  or  steam  stripping)  that  will  either 
require  the  use  of  an  antifoam  agent  or  significant  operational  changes  in  order  to  control  surfactant 
foaming  can  be  used  for  contaminant  removal.  If  alcohol  is  used  in  the  surfactant  formulation,  an 
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additional  treatment  process  may  be  necessary.  Air  stripping,  liquid-liquid  extraction,  and 
pervaporation  are  among  the  potential  candidates.  However,  because  of  the  additional  wastewater 
treatment  costs  incurred,  the  most  cost-effective  solution  is  to  minimize  or  avoid  the  use  of  alcohol 
in  the  surfactant  formulation  whenever  possible. 

1.5  MOBILIZATION,  CONSTRUCTION,  AND  OPERATION  REQUIREMENTS 

Before  mobilizing  to  the  field  site,  appropriate  preparation  must  be  taken  to  increase  the  efficiency 
of  operations  upon  arrival.  Arrangements  need  to  be  made  in  advance  for  the  provision  of  all 
necessary  utilities  (e.g.,  sufficient  electrical  power,  potable  water,  and  restroom  facilities),  as  well 
as  wastewater  disposal  options.  Ordering  supplies  such  as  chemicals,  equipment  (e.g.,  pumps  and 
tubing),  and  other  miscellaneous  supplies  (e.g.,  health  and  safety  and  sampling  supplies)  must  be 
completed  in  advance  to  coordinate  the  delivery  of  supplies  on  site  following  the  arrival  of  the  field 
crew  but  before  the  supplies  are  needed.  Advance  consideration  also  must  be  given  for  rental  of  an 
appropriate  office  trailer  and  any  issues  associated  with  delivery  and  setup  of  the  office  trailer  and 
the  control  trailer  (e.g.,  accessibility  to  the  site  such  as  paved  roads  or  muddy  site  conditions). 
Chemical  storage  areas  must  be  approved  by  the  appropriate  authorities  on  site  prior  to  delivery  of 
chemicals.  All  chemicals  should  be  properly  labeled  with  standard  safety  information  placards,  and 
some  chemicals  may  require  secondary  containment  or  grounding.  Material  Safety  Data  Sheets  for 
chemicals  should  be  procured  and  stored  on  file. 

Premobilization  activities  for  the  MCB  Camp  Lejeune  SEAR  demonstration  also  included 
modifications  to  the  control  trailer  in  order  to  update  the  electronic  capabilities  for  monitoring 
flowrates,  as  well  as  the  autocollector  system  used  for  sampling  the  extraction  wells  during  the 
post-SEAR  partitioning  interwell  tracer  test  (PITT).  Control  system  modifications  will  always  be 
necessary  before  mobilizing  to  any  new  SEAR  site  in  order  to  accommodate  site-specific 
requirements  (e.g.,  number  of  injection  and  extraction  flow  controls  and  flowmeters,  appropriate 
piping  to  accommodate  the  design  flowrates,  and  the  number  of  sampling  points).  In  addition  to  the 
physical  modifications  required,  the  control  software  must  be  modified  to  operate  the  new  SEAR 
system  components.  All  such  modifications  are  most  efficiently  implemented,  if  done  before 
mobilizing  to  the  field. 

Once  the  control  trailer  is  ready  for  field  operation  and  all  other  premobilization  preparation  is 
completed,  the  control  trailer  may  be  hauled  to  the  site  by  SEAR  contractor  personnel  or  by  a 
contracted  commercial  shipping  company.  Generally,  it  is  more  cost-effective  to  contract  a 
commercial  shipping  company  to  deliver  the  control  trailer  to  the  site. 

If  on-site  facilities  are  not  available  to  treat  the  SEAR  effluent,  then  wastewater  treatment  equipment 
also  must  be  mobilized  to  the  site.  Eor  small-scale  SEAR  operations  (e.g.,  <20  gal  per  minute 
[gpm]),  trailer  or  skid-mounted  equipment  may  be  leased  for  wastewater  treatment.  Eor  larger-scale 
demonstrations,  the  construction  of  more  permanent  treatment  facilities  may  be  required. 

1.6  KEY  DESIGN  CRITERIA 

The  successful  implementation  of  SEAR  requires  that  several  key  design  criteria  be  fulfilled.  The 
design  criteria  are  divided  between  the  source  zone  characterization,  surfactant  selection  and 
geosystems  model  development/numerical  modeling  phases  and  are  summarized  in  Table  1.1. 
Source  zone  characterization  seeks  to  establish  whether  SEAR  would  be  an  appropriate  NAPE 
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removal  technology  at  a  given  site  and,  if  so,  the  type  of  SEAR  design  that  is  most  appropriate. 
Design  considerations  include  whether  NAPE  mobilization  or  solubilization  would  be  the  preferred 
means  for  effecting  remediation  and  whether  mobility  control  measures  will  be  used.  The  surfactant 
selection  phase  seeks  to  identify  an  optimum  surfactant,  cosolvent  (as  needed),  and  electrolyte 
formulation  with  acceptable  phase  behavior.  The  surfactants  identified  should  be  insensitive  to 
precise  electrolyte  concentrations  and  should  exhibit  high  NAPE  recoveries  in  soil  column 
experiments  with  minimal  pressure  drops  due  to  pore  plugging.  If  surfactant  reuse  is  desired,  the 
surfactants  selected  also  should  exhibit  good  treatability  characteristics  in  terms  of  filtration  and 


Table  1.1.  Key  Design  Criteria  for  SEAR. 


Design  Phase 

Key  Design  Questions 

I.  Source  zone  characterization 

•  Is  there  any  NAPL  at  the  site? 

•  Where  is  the  NAPL  located,  and  what  is  its  approximate  volume  and 
extent? 

•  Is  the  hydraulic  conductivity  (K)  of  the  aquifer  sufficient  for  the  depth 
of  the  aquifer  and  saturated  thickness? 

•  Is  the  aquifer  a  layered  system  with  a  high-permeability  contrast 
between  various  layers? 

•  Is  there  a  good  capillary  barrier  to  downward  NAPL  migration  at  the 
site? 

II.  Surfactant  selection 

At  groundwater  temperature  and  pH: 

•  Is  the  surfactant  acceptable  (e.g.,  biodegradable)  for  injection  into  the 
aquifer? 

•  Are  the  surfactant  characteristics  acceptable  for  performing  enhanced 
solubilization  (Winsor  Type  I)  or  mobilization  (Winsor  Type  III), 
depending  on  remedial  objectives? 

•  Does  the  surfactant-electrolyte -NAPL  system  reach  equilibrium  rapidly 
(with  a  stable  surfactant  phase  forming  within  several  hours  to  24  hours 
depending  on  the  anticipated  residence  time  in  the  aquifer)? 

•  Is  the  salinity  requirement  of  the  system  acceptable  (because  of 
impurities  associated  with  the  bulk  salt)? 

•  Is  the  required  cosolvent  concentration  economically  acceptable? 

•  If  surfactant  regeneration  is  desired,  does  the  surfactant  have  the 
necessary  characteristics  for  fdtration? 

•  Do  soil  column  test  results  confirm  that  surfactants  are  as  effective  in 
removing  NAPL  from  site  soils  as  predicted  from  phase  behavior 
testing? 

•  Is  there  any  pressure  increase  observed  during  soil  column  testing  (i.e., 
surfactant  sorption  and/or  pore  plugging)? 

III.  Geosystems  model 

development/  Numerical 
simulations 

•  Is  hydraulic  containment  being  accomplished? 

•  Have  subsurface  heterogeneities  (i.e.,  variations  in  aquifer 
conductivity  and  DNAPL  distribution)  been  taken  into  account? 

•  How  many  pore  volumes  of  surfactant  solution  are  required  to  remove 
the  desired  quantity  of  NAPL? 

•  Is  the  duration  of  water  flooding  sufficient  to  accomplish  acceptable 
recovery  of  injected  surfactants  and  cosolvent  (as  determined  by 
resulatorv  reauirementsl? 
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aboveground  treatment.  Finally,  the  geosystems  model  development/numerical  simulations  phase 
should  maximize  hydraulic  containment  of  the  injectate  fluids,  determine  optimum  injection  and 
extraction  flowrates,  determine  the  effect  of  heterogeneities  on  the  response  of  surfactants  and 
solubilized  contaminant,  determine  the  mass  of  surfactant  required  and  finally,  determine  the 
duration  of  surfactant  and  postsurfactant  water  flooding. 

1.7  ADVANTAGES  AND  LIMITATIONS  OF  SEAR  TECHNOLOGY  COMPARED  TO 
COMPETING  TECHNOLOGIES 

The  strengths  of  the  SEAR  technology  lie  in  its  ability  to  accomplish  NAPE  removal  quickly  and 
effectively  compared  to  conventional  methods  for  addressing  a  dissolved-phase  plume,  such  as 
pump  and  treat  (P&T)  and  biodegradation/natural  attenuation.  Surfactants  with  high  solubilizing 
capacity  (e.g.,  increases  of  two  to  three  orders  of  magnitude  in  aqueous  solubility  are  quite 
common),  suitable  viscosity  for  injection,  and  low  sorption  to  aquifer  materials  are  available  for  a 
wide  variety  of  chlorinated  and  nonchlorinated  NAPLs.  The  advantage  of  SEAR  is  its  ability  to 
overcome  the  mass  transfer  limitations  that  are  intrinsic  to  subsurface  NAPE  contamination, 
particularly  in  the  saturated  zone.  Eor  example,  in  situ  chemical  oxidation  can  only  take  place  in 
an  electrolyte  such  as  groundwater  and  not  in  the  NAPE  itself,  which  is  a  nonelectrolyte  and  cannot 
transfer  electrons  easily.  Due  to  the  slow  dissolution  of  NAPE,  the  progress  of  NAPE  destruction 
is  very  slow  indeed.  In  situ  thermal  technologies  still  need  to  address  the  issue  of  adequately 
contacting  the  heat  with  the  NAPE  and  may  require  aquifer  dewatering.  Thus,  these  competing 
alternatives  are  less  efficient  than  SEAR  at  NAPE  removal,  particularly  when  high  NAPE 
saturations  exist.  The  use  of  oxidants  in  situ  is  not  applicable  to  saturated  organic  contaminants  such 
as  trichloroethane  (TCA),  and  also  may  require  monitoring  of  heat  evolution,  particularly  in  the 
presence  of  underground  utilities.  Finally,  a  properly  designed  surfactant  flood,  with  hydraulic 
control,  imposes  a  forced  hydraulic  gradient  across  the  treatment  area  for  a  focused  sweep  of 
surfactant  through  the  DNAPE  zone.  Such  a  flow  system  has  a  greater  capability  of  sweeping 
heterogeneous  zones  than  remedial  technologies  that  use  “passive”  injection  (i.e.,  injection  without 
extraction  to  direct  the  flow  of  chemicals,  such  as  chemical  oxidation).  Surfactant  flooding  also  has 
been  shown  in  a  number  of  field  trials  to  be  consistently  more  efficient  in  DNAPE  removal  than 
cosolvent  flooding,  and  can  accomplish  these  higher  DNAPE  removal  efficiencies  with  fewer  pore 
volumes  of  flooding  agent. 

Although  biological  methods  most  commonly  applied  to  soils  with  low-level  soil  and  groundwater 
concentrations  are  often  promoted  for  NAPE  remediation,  these  methods  may  be  limited  by  the 
toxicity  of  the  NAPE  and  can  only  be  applied  to  removing  contaminants  in  the  dissolved  phase  due 
to  their  nutrient  requirements.  Eurthermore,  they  are  inherently  much  slower  acting  than  the  more 
aggressive  abiotic  remedial  technologies. 

SEAR  technology  requires  more  extensive  source-zone  characterization  in  comparison  to 
conventional  dissolved-phase  remedial  technologies  due  to  the  higher  liability  associated  with 
potential  undesired  mobilization  of  NAPE.  All  aggressive  NAPE  remediation  technologies  require 
greater  source  zone  characterization  to  ensure  safe  technology  design  and  cost-effective 
performance.  However,  improved  source  zone  characterization  is  beneficial  for  any  remedial  design 
technology.  Careful  design  and  execution  of  a  SEAR  test  is  required  to  ensure  hydraulic 
containment  and  to  prevent  undesired  mobilization  of  NAPE.  Once  again,  additional  costs  are 
associated  with  this  requirement  in  comparison  to  less  aggressive  remediation  technologies  that 
address  dissolved-phase  contamination.  Einally,  the  high  cost  of  SEAR  is  also  due  in  part  to  surface 
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treatment  eosts  of  extraeted  wastes  eontaining  surfaetant  (e.g.,  with  in  situ  oxidation,  eontaminants 
are  destroyed  in  plaee  rather  than  extraeted  and  treated);  the  availability  of  on-site  treatment 
faeilities  will  influenee  surfaee  treatment  eosts.  The  cost  of  waste  treatment  is  one  of  the  reasons 
surfactant  recycling  was  examined  for  this  ESTCP  project. 

In  consideration  of  technical  limitations,  SEAR  may  be  applied  at  any  site  with  NAPE 
contamination  in  the  saturated  zone  where  hydraulic  control  of  injected  chemicals  can  be 
maintained,  and  where  the  aquifer  is  sufficiently  permeable.  At  shallow  sites  (up  to  25  ft  deep)  with 
a  saturated  thickness  of  approximately  10  ft,  it  appears  that  the  lower  permeability  limit  is  on  the 
order  of  lO  "^  cm/sec.  At  greater  aquifer  depths,  and  greater  saturated  thickness,  the  permeability 
limit  for  SEAR  will  be  lower.  As  the  permeability  of  soils  decreases,  the  selection  criteria  for 
surfactants  becomes  more  stringent  and  the  expertise  required  in  test  design  also  increases.  The 
ESTCP-sponsored  SEAR  demonstration  at  MCB  Camp  Lejeune  has  addressed  the  current  practical 
lower  limit  of  permeability  for  SEAR  application  in  shallow  groundwater  aquifers  where  strong 
permeability  contrasts  exist.  This  is  due  to  site  limitations  on  the  use  of  mobility  control  measures 
to  improve  the  sweep  of  surfactants  through  lower  permeability  zones  of  heterogeneous  aquifers. 
Table  1.2  summarizes  the  advantages  and  limitations  associated  with  SEAR  application. 

The  most  economical  application  of  SEAR  is  at  a  relatively  homogeneous  and  permeable  (K$10 
cm/sec)  site,  although  implementation  of  SEAR  with  mobility  control  will  improve  both  the  cost  and 
performance  of  SEAR  across  a  broader  range  of  site  conditions.  The  issue  of  remediation  cost  must 
be  evaluated  on  a  site-by-site  basis  against  the  human  health  and  ecological  risks  associated  with 
the  contamination  remaining  in  the  subsurface.  It  is  expected  that  the  costs  of  technology 
application  will  decrease  with  continuing  technology  advancements  in  SEAR  design  and  NAPE 
source  zone  characterization,  as  well  as  broad  dissemination  of  a  well-written  technology  protocol. 
Table  1.3  summarizes  the  primary  factors  that  influence  SEAR  cost  and  performance. 

Table  1,2,  SEAR  Advantages  and  Limitations, 


Advantages 

Limitations 

1 .  Can  address  a  wide  variety  of  NAPL  eontaminants 

1.  Requires  extensive  source-zone  characterization 
compared  to  dissolved-phase  technologies 

2.  Overeome  mass  transfer  limitations  of  dissolved- 
phase  teehnologies  sueh  as  P&T  and  in  situ  ehemieal 
oxidation  by  aeeomplishing: 

a)  Orders  of  magnitude  inerease  in  eontaminant 
solubility 

b)  Low  interfaeial  tensions  to  mobilize 
eontaminant 

e)  Effieient  eontaeting  of  eontaminated  zones 
using  foreed  hydraulie  gradients  via  the  use  of 
a  series  of  injeetion  and  extraction  well  pairs 

2.  Requires  competent  capillary  barrier  to  avoid 
downward  mobilization  of  contaminants 

3 .  Rapid  removal  of  NAPL  accomplished  in  weeks  and 
months  rather  than  years 

3.  Higher  liability  associated  with  potential  for 
unintended  mobilization  of  DNAPL 

4.  Accomplishes  higher  DNAPL  removal  efficiencies 
and  uses  fewer  chemicals  than  cosolvent  flooding 

4.  High  cost  of  waste  treatment  relative  to  a  destructive 
technology  such  as  in  situ  chemical  oxidation 

5.  Safe  to  use  near  occupied  buildings 

5.  Design  and  implementation  requires  personnel  with 
considerable  expertise 

6.  Can  be  implemented  without  aquifer  dewatering 

6.  Performance  may  suffer  in  shallow,  low 
_ nermeahilitv.  and  heterogeneous  aquifers _ 
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Table  1,3,  Factors  Influencing  SEAR  Cost  &  Performance, 


Factor 

Influence 

Permeability 

•  Composition  of  surfactant  formulation 

•  Design  of  surfactant  flood  (to  maximize  flooding  efficiency) 

•  Flooding  duration 

•  Labor  costs 

Heterogeneities 

•  Design  of  surfactant  flood  (to  include  mobility  control 
measures) 

•  Chemical  requirement  and  costs 

•  Sweep  efficiency 

•  DNAPL  removal  efficiency 

Variations  in  forced  hydraulic  gradients 

•  Hydraulic  control  (design  and  implementation) 

•  Sweep  efficiency 

•  DNAPL  removal  efficiencv 

This  page  left  blank  intentionally. 
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2.0 


DEMONSTRATION  DESIGN 


2.1  PERFORMANCE  OBJECTIVES 

Performance  objectives  were  set  for  subsurface  DNAPL  recovery,  as  well  as  for  aboveground 
treatment  and  recovery  components  of  the  SEAR  technology  demonstration. 

2.1.1  Subsurface  DNAPL  Remediation 

The  desired  endpoint  of  the  SEAR  demonstration  was  to  remove  DNAPL  down  to  an  average 
residual  saturation  of  0.05%,  which  represents  an  average  value  for  DNAPL  saturation  throughout 
the  swept  pore  volume,  as  determined  using  a  post-SEAR  PITT.  With  an  initial  estimated  swept 
pore  volume  of  6,000  gal,  a  final  residual  saturation  of  0.05%  corresponds  to  3  gal  of  DNAPL 
remaining  in  the  test  zone.  With  an  initial  estimate  of  81  ±7  gal  DNAPL  in  the  test  zone  (DE&S, 
1999c),  this  is  approximately  equivalent  to  a  96%  DNAPL  removal  efficiency.  In  addition,  at  a 
minimum,  90%  recovery  of  injected  surfactant,  isopropyl  alcohol  (IP A),  and  tracer  was  targeted. 
These  targets  were  anticipated  to  be  economically  achievable  at  most  sites  where  surfactants  would 
be  applied  and  to  be  easily  within  the  resolution  accuracy  of  the  sample  analytical  procedures  and 
other  mathematical  methods  used  for  interpreting  the  final  PITT  and  SEAR  data.  Discrete-depth 
samples  collected  Ifom  the  multilevel  samplers  (MLSs)  during  the  SEAR  and  post-SEAR  PITT  were 
to  be  used  in  order  to  determine  the  efficiency  of  DNAPL  removal  with  depth.  It  also  was 
anticipated  that  lower-permeability  contaminated  zones  might  be  locations  where  removal  targets 
would  not  be  met.  Due  to  problems  encountered  in  post-SEAR  PITT  data  interpretation,  soil 
samples  collected  before  and  after  the  SEAR  demonstration  were  used  to  determine  whether  aquifer 
heterogeneities  affected  surfactant  treatment  and  whether  DNAPL  contaminants  had  been 
redistributed  during  the  surfactant  flood. 

2.1.2  SEAR  Effluent  Treatment  and  Surfactant  Recovery 

The  purpose  of  the  surfactant  recovery  system  was  to  treat  the  extraction  well  effluent  so  that 
surfactant  recovered  from  the  subsurface  could  be  reinjected  into  the  aquifer.  This  treatment 
objective  was  accomplished  by  removing  DNAPL  and  excess  water  from  the  extraction  well 
effluent.  The  specific  goal  of  pervaporation  treatment  was  to  remove  95%  of  the  extracted 
contaminant  mass,  in  accordance  with  State  of  North  Carolina  reinjection  criteria.  The  specific 
goals  of  UF  treatment  were  to:  (a)  reconcentrate  diluted  surfactant  sufficiently  so  that  surfactant 
could  be  reinjected  at  4%  by  weight  (wt%);  and  (b)  to  accomplish  90%  recovery  of  surfactant. 

2.2  DEMONSTRATION  SITE  BACKGROUND 

The  SEAR  demonstration  was  conducted  at  Site  88,  the  location  of  the  Morale,  Welfare,  and 
Recreation  (MWR)  Dry-Cleaners  (Building  25)  at  MCB  Camp  Lejeune.  At  this  site,  groundwater 
contamination  of  the  shallow  and  intermediate  aquifers  has  resulted  from  the  storage  and  usage  of 
dry-cleaning  solvents,  tetrachloroethylene  (PCE),  and  Varsol™,  a  petroleum  distillate.  PCE  is  still 
in  use  at  this  active  dry-cleaning  facility.  The  boundaries  of  the  dissolved  PCE  plume  in  the  shallow 
aquifer  as  interpreted  in  August  1996  are  provided  in  Figure  2.1.  Due  to  PCE  concentrations  as  high 
as  54  mg/L  in  groundwater  samples  collected  to  the  northwest  of  Building  25  (aqueous  solubility 
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of  PCE  at  room  temperature  =  240  mg/L),  the  presenee  of  immiseible-phase  PCE  (i.e.,  PCE 
DNAPE)  was  suspeeted.  During  site  investigations  eondueted  by  the  ESTCP  team,  loeal  DNAPL 
saturations  of  up  to  14%  were  deteeted  in  the  lower  portions  of  the  shallow  aquifer,  and  free-phase 
DNAPE  was  eolleeted  from  several  loeations.  Varsol™  eontamination  was  deteeted  in  the  upper 
portions  of  the  aquifer,  but  none  as  free-phase  NAPE.  Gas  ehromatography/mass  speetrometry 
(GC/MS)  analysis  of  the  free-phase  DNAPE  samples  showed  them  to  be  eomprised  primarily  of 
PCE  with  Varsol™  as  a  minor  dissolved  eomponent  (2-14  wt%). 

2,3  DEMONSTRATION  SITE  CHARACTERISTICS 

The  DNAPE  zone  at  Site  88  is  loeated  beneath  Building  25,  in  the  shallow  surfieial  aquifer  at  a 
depth  of  approximately  16-20  ft  (5-6  m),  and  ineludes  an  area  that  extends  about  20  ft  (6  m)  north 
of  the  building.  The  DNAPE  oeeurs  immediately  above  and  within  a  relatively  low-permeability 
layer  of  silty  sediments  (hereafter  referred  to  as  the  basal  silt  layer)  that  grade  finer  with  depth  from 
a  sandy  silt  to  a  elayey  silt  until  reaehing  a  thiek  clay  layer  at  about  20  ft  (6  m)  below  ground  surface 
(bgs).  Initial  site  characterization  activities  indicated  a  decreasing  permeability  with  depth  and  a 
permeability  contrast  of  approximately  5:1.  Additional  characterization  data  obtained  during  and 
following  the  SEAR  demonstration  revealed  that  this  fining  downward  sequence  has  an  actual 
permeability  contrast  of  approximately  10:1.  Post  demonstration  simulations  conducted  to  fit  the 
SEAR  field  data  suggest  that  the  DNAPE-contaminated  portions  of  the  aquifer  can  be  roughly 
divided  into  three  permeability  zones:  the  upper  zone  (~15-18  ft  bgs;  4. 6-5. 5  m  bgs),  the  middle 
zone  (~18-19  ft  bgs;  5. 5-5. 8  m  bgs),  and  the  lower  zone  (~19-20  ft  bgs;  5.8-6. 1  m  bgs).  The  site 
conceptual  model,  or  geosystem,  is  shown  in  cross  section  in  Eigure  2.2.  The  approximate  DNAPE 
boundary  is  shown  in  Eigure  2.3. 

The  upper  zone  is  generally  characteristic  of  the  shallow  aquifer,  which  is  primarily  composed  of 
fine  to  very  fine  sand  and  is  the  most  permeable  of  the  three  zones.  The  hydraulic  conductivity  of 
the  upper  zone  is  estimated  to  be  about  5x10  "'  cm/sec  (1.4  ft/day).  The  hydraulic  conductivity  of 
the  middle  zone,  which  is  composed  predominantly  of  silt,  is  estimated  to  be  approximately  1x10  "' 
cm/sec  (0.28  ft/day),  or  about  five  times  less  permeable  than  the  upper  zone.  The  lower  zone  is 
composed  predominantly  of  clayey  silt,  with  a  hydraulic  conductivity  that  is  believed  to  be 
approximately  5x10'^  cm/sec  (0.14  ft/day)  or  perhaps  even  lower,  although  the  permeability  of  the 
lower  zone  is  not  well  characterized  at  this  time.  The  upper-  and  middle-zone  estimates  of  hydraulic 
conductivity  are  based  on  the  analysis  of  pre-SEAR  tracer  test  data  from  MLSs.  The  bottom-zone 
estimate  of  hydraulic  conductivity  is  supported  by  the  results  of  grain-size  analysis  of  72  post-SEAR 
soil  samples  that  were  collected  from  the  bottom  3  ft  of  the  test  zone.  The  grain-size  analyses 
confirm  that  the  DNAPE  zone  is  located  above  the  clay  aquitard  in  a  fining  downward  sequence 
from  fine  sand  to  clayey  silt. 

The  pre-SEAR  PITT  was  conducted  during  May/June  1998  to  measure  the  volume  and  relative 
distribution  of  DNAPE  present  in  the  test  zone  before  surfactant  flooding.  The  results  of  this 
pre-SEAR  PITT  indicated  that  approximately  74-88  gal  (280-333  E)  of  DNAPE  were  present  in  the 
test  zone  (DE&S,  1999c).  Average  DNAPE  saturations  were  found  to  be  highest  in  the  portion  of 
the  test  zone  that  is  adjacent  to  Building  25,  at  about  4.5%  saturation.  Although  the  pre-SEAR  PITT 
provided  valuable  site  characterization  data,  the  SEAR  results  and  the  post-SEAR  soil  sampling 
results  indicate  that  the  pre-SEAR  PITT  underestimated  the  initial  DNAPE  volume  and  saturations. 
This  is  discussed  further  in  Section  3.3. 
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Figure  2.2.  Generalized  Geosystem  Cross  Section  of  DNAPL  Zone  at  Site  88,  MCB  Camp  Lejeune. 


Figure  2.3.  Demonstration  Well  Array  and  MLS  Sampling  Locations. 
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2,4  PHYSICAL  SETUP  AND  OPERATION 


The  SEAR  demonstration  well  field  is  situated  in  the  portion  of  the  DNAPL  zone  that  lies  just 
outside  and  north  of  Building  25.  It  eonsists  of  a  total  of  three  injeetion  and  six  extraetion  wells 
arranged  in  a  3  x  3  x  3  divergent  line-drive  eonfiguration.  In  addition,  hydraulie  eontrol  wells  are 
loeated  at  each  end  of  the  centrally  located  row  of  injection  wells.  Thus,  the  test-zone  well  field 
comprises  1 1  wells  in  total,  as  shown  in  Figure  2.3.  The  test  area  formed  by  the  3x3x3  array  of 
injection  and  extraction  wells  is  20  ft  wide  by  30  ft  long.  The  well  field  and  geosystem  is  shown 
in  cross  section  in  Figure  2.2.  MFSs  were  installed  at  six  locations  to  monitor  discrete  depths  in  the 
test  zone.  One  MFS  bundle  was  installed  between  each  injection-extraction  well  pair,  as  shown  in 
Figures  2.2  and  2.3.  Each  MFS  consisted  of  a  bundle  of  three  sampling  points;  the  points  at  MFS-1, 
MFS-4,  MFS-5,  and  MFS-6  were  installed  at  approximately  16.5,  17.5,  and  18.5  ft  bgs,  while  the 
points  at  MFS-2  and  MFS3  were  installed  at  17.0,  18.5,  and  19.5  ft  bgs. 

The  surfactant  formulation  was  designed  specifically  for  this  demonstration  to  meet  two  objectives: 
(1)  to  maximize  DNAPL  solubilization,  and  (2)  to  maximize  performance  of  the  surfactant  recovery 
process  (i.e.,  UF  system).  Extensive  laboratory  testing  was  conducted  to  optimize  the  surfactant 
formulation  to  meet  these  dual  objectives.  The  result  was  the  selection  of  a  custom  surfactant, 
Alfoterra  145-4-PO  sulfate'’’’^,  that  was  manufactured  by  Sasol  (formerly  Condea  Vista  Company) 
for  the  SEAR  demonstration.  The  surfactant  injectate  formulation  is  presented  in  Table  2.1. 

Table  2,1.  Camp  Lejeune  Surfactant  Formulation. 


Constituent 

Concentration 

Alfoterra  145-4PO  sulfate’’''^  surfactant 

4wt% 

Isopropyl  alcohol  (IP A) 

16  wt% 

Calcium  chloride 

0.16  wt%-0.19  wt  % 

During  the  58-day  surfactant  flood,  29,700  gal  (1 12,000  F)  of  the  surfactant  mixture  was  injected, 
which  is  equivalent  to  approximately  five  test-zone  pore  volumes,  with  a  residence  time  of  about 
12  days  per  pore  volume.  The  total  mass  of  surfactant,  IP  A,  and  CaC^  injected  during  this  period 
are  provided  in  Table  2.2.  During  the  surfactant  flood,  lateral  hydraulic  control  was  accomplished 
by  injecting  source  water  (i.e.,  site  potable  water)  with  0.16-0.19  wt%  CaCl2in  solution  into  the  two 
hydraulic  control  wells,  HCOl  and  HC02.  Vertical  hydraulic  control  above  the  test  zone  was 
implemented  by  injection  of  the  source  water  and  CaC12  solution  into  the  upper  screens  of  the 
injection  wells  while  surfactant  was  being  injected  into  the  lower  screens  of  the  injection  wells.  The 
two  different  injectates  were  separated  from  each  other  by  an  inflatable  packer  located  between  the 
upper  and  lower  screens  in  the  three  injection  wells.  The  clay  layer  beneath  the  DNAPL  zone 
provided  hydraulic  containment  below  the  test  zone.  The  total  surfactant  injection  rate  was  0.4  gpm, 
initially  split  evenly  between  the  three  injection  wells  (0.133  gpm/well)  as  called  for  in  the  SEAR 
design.  The  total  extraction  rate  for  the  surfactant  flood  was  1.0  gpm.  Flowrates  were  varied  during 
different  phases  of  the  demonstration,  as  discussed  in  Section  3.2.  The  58-day  surfactant  flood  was 
followed,  without  interruption,  by  74  days  of  water  flooding,  the  last  40  days  of  which  included  the 
post-SEAR  PITT. 
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Table  2,2,  Mass  of  Surfactant  Formulation  Chemicals  Injected, 


Constituent 

Mass  Injected 

Surfactant 

9,718  lb  (4,410  kg)<“> 

IPA 

38,637  lb  (16,620  kg) 

Calcium  chloride 

1,806  lb  (820  ka) 

(a)  This  includes  1,806  lb  (820  kg)  of  recovered  surfactant  that  was  reinjected  during  the  latter  20 
days  of  surfactant  flooding. 


Injection  rates  were  controlled  by  manual  needle  valves  in  the  control  trailer  and  monitored  by  the 
SCADA  system.  Pneumatic  submersible  pumps  were  utilized  for  extraction.  Extraction  rates  were 
controlled  via  pneumatic  controllers  located  at  each  extraction  wellhead,  and  were  monitored  by  the 
SCADA  system. 

Free-phase  DNAPL  recovery  during  surfactant  flooding  and  postsurfactant  water  flooding 
operations  was  conducted  every  2-3  days  using  a  peristaltic  pump  to  remove  DNAPL  that  slowly 
accumulated  in  the  sumps  of  several  wells.  The  volume  of  free-phase  DNAPL  recovered  was 
recorded  for  each  well. 

The  units  used  in  the  aboveground  treatment  process,  including  the  pervaporation  system,  the 
ultrafdtration  unit,  and  appurtenant  equipment  (e.g.,  feed  and  storage  tanks  and  analytical 
equipment),  were  delivered  to  the  demonstration  site  in  March  1999.  For  weather  protection,  this 
equipment  was  housed  in  a  large  field  tent  that  was  situated  east  of  the  well  field  and  the  control 
trailer  (see  Figure  2.4  for  site  layout).  The  arrangement  of  equipment  inside  the  field  tent  is  shown 
on  Figure  2.5.  The  aboveground  treatment  processes  were  operated  for  more  than  two  months  on 
a  continuous  basis  to  treat  the  SEAR  effluent  to  enable  surfactant  recovery  for  reuse.  Wastewater 
generated  during  the  operation  of  these  processes  was  sent  to  a  wastewater  tanker  located  to  the  east 
of  the  field  tent  (see  Figure  2.4).  A  total  of  three  recycled  surfactant  batches  were  mixed  and 
injected  between  May  13  and  June  3,  1999.  Although  the  surfactant  recovery  processes  continued 
to  operate  for  a  short  duration  beyond  this  period,  no  additional  surfactant  recovered  was  reinjected. 
Following  this  period,  SEAR  effluent  was  delivered  to  the  wastewater  tanker  for  treatment  at  an  air 
stripping  facility  located  on  base. 

2,5  MONITORING  PROCEDURES 

SEAR  monitoring  included  regular  collection  of  samples  for  analysis  in  accordance  with  the 
sampling  and  analysis  plan  (DE&S,  1999a).  System  operations  also  were  continually  monitored 
according  to  the  SEAR  work  plan  (DE&S,  1999b). 

Samples  were  collected  from  the  batch  mixing  tanks  for  analysis  to  verify  that  each  injectate  batch 
met  design  specifications  prior  to  injection.  Surfactant  batch  samples  were  analyzed  at  off-site 
laboratories  for  surfactant,  IP  A,  and  calcium.  Phase  behavior  of  each  surfactant  batch  mixture  was 
confirmed  by  on-site  testing  to  ensure  that  each  batch  was  a  Winsor  Type  I  or  Type  III  system. 
Hydraulic  control  and  water  flood  batches  were  qualitatively  analyzed  on  site  for  CaC12 
concentrations  by  measuring  specific  conductance.  SEAR  samples  were  collected  from  all 
extraction  wells  (EX01-EX06)  and  from  selected  MLSs  (MLS-1,  MLS-4,  and  MLS-2)  every  four 
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days  throughout  the  demonstration.  Because  of  the  fine-grained  sediments  in  the  test  zone,  not  all 
of  the  selected  MLS  sampling  points  produced  sufficient  sample  volumes  for  analysis. 

Groundwater  samples  were  collected  at  the  extraction  wells  throughout  flooding  activities  to  monitor 
the  recovery  of  injected  chemicals  and  PCE  from  the  treatment  zone.  In  addition,  numerous  wells 
were  monitored  outside  the  test  zone  on  a  monthly  basis  to  evaluate  whether  injectate  was  escaping 
from  the  test  zone,  both  laterally  and  vertically  downward  (i.e.,  to  test  for  effective  hydraulic 
control).  Monitored  analytes  included  surfactant,  IP  A,  arsenic  (a  minor  impurity  in  the  bulk  CaC12), 
and  PCE.  Eurther  discussion  of  monitoring  locations  is  provided  in  the  ESTCP  Technology 
Demonstration  Plan  (NFESC,  1999). 

Injection  and  extraction  flowrates  were  monitored  continuously  by  the  SCADA  system.  Manual 
flowrate  measurements  were  conducted  daily  to  verify  that  the  electronic  flowmeters  were  accurate. 
Electronic  flowmeters  were  adjusted  or  recalibrated  if  found  to  be  out  of  specification  per  the  Work 
Plan  (DE&S,  1999b).  With  the  use  of  electronic  pressure  transducers,  water  levels  in  all  injection 
and  extraction  wells  were  monitored  continuously  by  the  SCADA  system.  Water  levels  also  were 
measured  manually  on  a  daily  basis  to  verify  that  the  electronic  water-level  measurements  were 
accurate,  and  adjusted  as  required. 

The  extraction  well  effluent  was  directed  to  the  aboveground  treatment  processes  in  order  to  remove 
DNAPE  contaminant  and  to  recover  the  surfactant.  The  separation  of  DNAPE  from  the  surfactant 
was  accomplished  using  pervaporation.  To  assess  the  pervaporation  performance,  samples  were 
collected  at  the  influent  to  the  pervaporation  system,  and  from  the  residual  stream  of  each  of  the  two 
pervaporation  units.  These  samples  were  analyzed  for  PCE  and  alcohol  as  well  as  for  components 
of  the  secondary  contaminant  at  the  site  (Varsol™)  to  determine  the  efficiency  of  contaminant  and 
alcohol  removal.  The  pervaporation  effluent  was  directed  to  the  micellar-enhanced  ultrafiltration 
unit  (MEUF).  To  evaluate  MEUF  effectiveness,  samples  were  collected  from  the  feed,  the  permeate, 
and  the  retentate  streams,  and  then  analyzed  for  surfactant  to  perform  a  surfactant  mass  balance. 
Neither  the  pervaporation  nor  the  MEUF  systems  were  designed  to  recover  IPA.  Effective  IPA 
removal  by  a  nonporous  membrane  process  (i.e.,  pervaporation)  requires  a  thicker  and  more 
hydrophilic  membrane  that  would  not  have  been  appropriate  for  PCE  removal.  Eikewise,  IPA 
recovery  by  a  porous  membrane  process  (i.e.,  membrane  filtration)  requires  a  much  lower  molecular 
weight  cutoff  membrane  that  would  not  have  been  cost-effective  for  recovering  surfactant  micelles. 

Once  sufficient  volume  of  surfactant  was  recovered  by  the  MEUF  system,  the  recovered  batch  was 
transferred  to  an  injectate  mixing  tank  for  reinjection.  Because  the  recovery  process  could  not 
preserve  the  original  design  concentrations  of  the  surfactant  injectate  (i.e.,  surfactant,  IPA,  and 
calcium  concentrations),  the  recovered  batch  had  to  be  reconstituted.  This  required  a  multistep 
process  as  follows: 

1 .  Sampling  and  analysis  of  the  recovered  surfactant  batch 

2.  Reconstitution  of  the  batch  concentrations  to  SEAR  design  specification 

3.  Filtration  to  remove  iron-organoflocculent  (by-product  of  surfactant  recovery)  prior  to 
reinjection. 

Reconstitution  of  the  recovered  surfactant  to  design  injectate  concentrations  required  the  addition 
of  fresh,  unused  surfactant  (to  dilute  the  resulting  super  concentration  of  calcium  by  MEUF),  and 
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additional  IPA  and  source  water.  Onee  reeonstituted,  the  reeovered  surfaetant  bateh  was  sampled 
and  analyzed  before  reinjeetion  under  the  same  protoeol  followed  for  all  other  surfaetant  batehes, 
as  diseussed  previously  in  this  seetion. 


2,6  ANALYTICAL  PROCEDURES 

The  analytieal  methods  used  to  monitor  and  assess  SEAR  performanee  are  listed  in  Table  2.3. 
Further  explanation  of  these  analytieal  methods  ean  be  found  in  the  sampling  and  analysis  plan 
(DE&S,  1999a). 


Table  2.3.  Analytical  Methods, 


Analytical  Method 

Analyte 

Subsurface 

Surface 

Surfactant 

Hyamine  titration 

Liquid  chromatography 

IPA,  PCE(a) 

EPA  8015  modified 

EPA  8015  modified 

PCE(b) 

EPA  8260 

EPA  8260 

Varsol™  (c) 

EPA  8260 

EPA  8260 

Calcium 

EPA  200.7- 

- 

Arsenic 

EPA  206.2- 

- 

Alcohol  Tracers(d) 

EPA  8015  modified- 

- 

(a)  SEAR  samples  for  high  PCE  concentrations  in  the  test  zone  and  PCE  samples  from  the  pervaporation  system  that  were  analyzed 
on  site. 


(b)  Monitoring  samples  for  low  PCE  concentrations  outside  the  test  zone  and  other  PCE  samples  (pervaporation)  sent  for  off-site 
analysis. 

(c)  Varsol™  marker  compounds:  decane,  undecane  and  1,3,5-trimethylbenzene. 

(d)  Alcohol  tracers:  1 -propanol,  sec-butanol,  1-hexanol,  1-heptanol,  and  2-ethyl- 1-hexanol. 


27 


This  page  left  blank  intentionally. 


3.0 


PERFORMANCE  ASSESSMENT 


3.1  SUMMARY  OF  FIELD  OBSERVATIONS  AND  DATA  ASSESSMENT 

A  brief  overview  of  SEAR  aetivities  and  field  results  is  provided  in  this  seetion.  A  eomprehensive 
diseussion  of  field  operations  and  the  teehnieal  results  ean  be  found  in  the  SEAR  Einal  Report 
(DE&S,  2000). 

3.1.1  Subsurface  Treatment 

The  SEAR  demonstration  at  Site  88  ineluded  multiple  phases  of  field  aetivities  from  Mareh  to 
August  1999.  Injeotion/extraetion  operations  oeeurred  eontinuously  for  143  days,  and  ineluded  a 
pre-SEAR  water  flood,  surfaetant  flood,  post-SEAR  water  flood,  post-SEAR  PITT,  and  post-SEAR 
soil  sampling. 

A  signifieant  inerease  in  the  extraetion  well  effluent  PCE  eoneentration  was  observed  in  several 
extraetion  wells  due  to  surfaetant  flooding.  At  extraetion  well  EXOl,  the  effluent  PCE  eoneentration 
inereased  from  an  average  of  approximately  200  mg/E  to  about  2,800  mg/E  at  the  peak 
breakthrough.  At  EX04R,  the  PCE  eoneentration  inereased  from  80  mg/E  to  approximately  1,000 
mg/E  at  the  peak.  The  extraetion  wells  farther  away  from  the  building  showed  lower  eoneentrations 
of  solubilized  PCE,  whieh  was  due  to  the  lower  residual  DNAPE  saturation  at  these  loeations. 
However,  at  all  extraetion  wells,  the  peak  eoneentrations  of  surfaetant-enhaneed  PCE  solubilization 
were  lower  than  antieipated  from  design  simulations.  This  result  is  due  to  the  aetual  permeability 
of  the  basal  silt  layer  being  lower  than  originally  expeeted  and,  eonsequently,  the  poor  sweep  of 
surfaetants  through  this  zone.  The  PCE  eoneentration  eurves  for  EXOl,  EX02,  and  EX03  are 
provided  in  Eigure  3.1.  At  MES  sampling  loeation  MES-4T  (Eigure  3.2a),  PCE  eoneentrations  as 
high  as  10,000  mg/E  were  observed.  A  negligible  amount  of  surfaetant  was  deteeted  at  the  bottom 
MESs  sueh  as  MES-4B  (Eigure  3.2b),  whieh  indieates  that  very  little  surfaetant  swept  the  basal  silt 
layer  above  the  aquitard.  This  result  ean  be  attributed  to  preferential  surfaetant  flow  through  the 
more  permeable  upper  zones  and  eonsequential  bypassing  of  the  bottom  zone.  The  low  permeability 
of  the  bottom  zone  (~10'^  em/see)  prevented  an  effeetive  surfaetant  sweep  as  the  gradients  required 
to  sustain  surfaetant  flow  through  this  zone  were  not  aehievable  in  the  shallow  subsurfaee  setting 
at  MCB  Camp  Eejeune.  Eurthermore,  the  limited  range  of  hydraulie  gradients  inhibited  the  injeetion 
of  mobility  eontrol  fluids  to  bloek  the  upper,  more  permeable  zones  and  foree  surfaetant  fluids 
through  the  bottom,  less  permeable  zones. 

In  addition  to  enhaneing  the  solubility  of  the  DNAPE,  the  surfaetant  flood  also  enhaneed  the 
reeovery  of  free-phase  DNAPE  as  a  result  of  lowering  the  lET  of  the  DNAPE.  Eowering  the  IFT 
deereases  the  eapillary  forees  retaining  the  DNAPE  in  the  soil  pores  and  thereby  enhanees  reeovery 
of  DNAPE  by  the  extraetion  wells.  Beeause  of  these  site-speeifie  eireumstanees  and  beeause  of  its 
greater  mass  removal  effieieney,  mobilization  of  DNAPE  during  the  surfaetant  flood  was  desirable 
and  intended  by  design.  A  total  of  76  gal  (288  E)  of  PCE  was  reeovered  during  the  surfaetant  flood 
and  subsequent  water  flood,  of  whieh  approximately  32  gal  (121  E)  of  PCE  was  reeovered  as 
solubilized  DNAPE  and  44  gal  (167  E)  as  free-phase  DNAPE. 

Potentiometrie  surfaee  maps  of  the  shallow  aquifer  generated  for  several  phases  of  the  demonstration 
show  that  hydraulie  eontrol  of  injeeted  fluids  was  effeetively  maintained,  with  the  exeeption  of  a 
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Figure  3.1.  History  of  PCE  Concentrations  in  Extraction  Wells  EXOl,  EX02,  and  EX03. 
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Figure  3.2.  Surfactant  and  IPA  Results  at  MLS-4T  and  MLS-4B. 
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minor  loss  of  hydraulic  control  at  HCOl  during  Phase  II  of  the  surfactant  flood.  This  loss  was 
caused  by  a  slightly  exaggerated  gradient  between  injection  well  INOl  and  HCOl  with  the  higher 
viscosity  surfactant  fluids.  The  loss  of  hydraulic  control  was  manifested  in  increasing  IP  A 
coneentrations  with  time  at  monitoring  well  RW03,  peaking  on  July  27  (Day  1 12  of  the  test)  at  2,798 
mg/L  (compare  to  IPA  injectate  concentration  =  160,000  mg/L).  However,  recovery  of  88%  of  the 
injeeted  IPA  by  the  end  of  the  demonstration  suggests  that  any  loss  of  hydraulie  control  was  very 
minor.  During  the  post-SEAR  water  flood  and  post-SEAR  PITT,  the  potentiometrie  surface  maps 
show  that  hydraulie  containment  was  fully  established  and  maintained  for  the  remainder  of  the 
demonstration.  In  support  of  this,  IPA  concentrations  at  RW03  dropped  sharply  to  428  mg/E  with 
the  last  monitoring  sample  collected  on  August  27. 

Residual  surfaetant  and  IPA  remaining  in  the  ground  following  SEAR  treatment  were  not  a  concern 
for  further  transport  of  residual  and  dissolved-phase  eontamination  to  uncontaminated  regions  of  the 
aquifer.  Surfaetants  cause  ultralow  interfaeial  tensions  only  under  optimal  salinity  eonditions,  i.e., 
high  eleetrolyte  concentrations.  Eor  the  surfaetant  formulation  used  at  Camp  Eejeune, 
approximately  1 ,800  mg/E  ealeium  chloride  was  required  to  produce  ultralow  interfaeial  tensions 
for  high  contaminant  solubilization  and  to  induce  DNAPE  mobilization.  During  the  postsurfaetant 
water  flood,  1,000  mg/E  calcium  chloride  was  injected,  which  reduced  electrolyte  concentrations 
in  the  aquifer.  Such  conditions  are  consistent  with  a  Winsor  type  I  phase  behavior,  which  results 
in  relatively  high  interfaeial  tensions  that  will  limit  enhanced  solubilization  and  mobilization. 
Eurthermore,  the  Camp  Eejeune  surfaetant  is  biodegradable.  Post-SEAR  groundwater  monitoring 
(see  Seetion  3.1.3)  suggests  resumption  of  biologieal  aetivity  as  evidenced  by  the  formation  of 
aeetone  from  IPA.  It  is  expeeted  that  residual  surfaetant  and  IPA  will  be  biodegraded  and  thus  not 
be  a  meehanism  for  further  transport  of  the  eontaminants.  Furthermore,  residual  surfaetant  may 
enhance  the  biopolishing  process.  There  have  been  no  regulatory  concerns  with  the  residual 
surfactant  or  IPA  left  in  the  ground  at  Site  88.  It  is  expected  that  regulatory  controls  on  chemicals 
remaining  in  the  ground  following  a  SEAR  demonstration  will  vary  from  site  to  site  and  depend  on 
factors  such  as  the  proximity  of  the  source  zone  to  drinking  water  or  other  protected  water  resources 
(e.g.,  wetlands). 

The  post-SEAR  PITT  was  eondueted,  along  with  soil  eore  sampling,  to  measure  the  volume  of 
DNAPE  remaining  in  the  test  zone  after  the  surfaetant  flood.  The  results  of  the  post-SEAR  PITT, 
however,  proved  to  be  unusable  due  to  interference  with  a  minor  component  of  the  surfactant  that 
sorbed  to  the  aquifer.  Therefore,  performance  assessment  of  the  SEAR  demonstration  was  based 
on  the  results  of  the  post-SEAR  soil  sampling.  All  soil  samples  collected  for  analysis  of  volatile 
organic  compounds  (VOCs)  were  field  preserved  with  methanol. 

The  post-SEAR  soil  sample  data,  whieh  eonsisted  of  60  soil  samples  colleeted  at  12  loeations,  was 
used  to  generate  a  three-dimensional  distribution  of  the  DNAPE  volume  remaining  in  the  test  zone 
following  the  surfaetant  flood.  The  lateral  distribution  of  DNAPE  indieates  that  the  majority  of  the 
DNAPE  that  remains  in  the  test  zone  is  located  near  the  building,  between  wells  EXOl  and  EX04. 
DNAPE  volume  decreases  away  from  the  building,  in  the  area  between  wells  EX02  and  EX05,  and 
very  little  DNAPE  is  present  in  the  portion  of  the  test  zone  that  is  farthest  from  the  building,  between 
wells  EX03  and  EX06.  The  vertical  distribution  of  remaining  DNAPE  indicates  that  DNAPE  was 
effeetively  removed  from  the  more  permeable  sediments,  generally  above  about  17.5  ft  (5.3  m)  bgs, 
and  that  DNAPE  still  remains  in  the  lower  permeability  basal  silt  layer.  These  results  are  not 
completely  unexpeeted  given  that  the  highest  pre-SEAR  DNAPE  saturations  were  near  the  building. 
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as  well  as  the  expectation  that  it  would  be  most  difficult  to  remove  DNAPL  from  the  lowest 
permeability  sediments  at  the  site. 

Analysis  of  the  post-SEAR  soil  core  data  indicates  that  approximately  5.2  ±1.6  gal  (20  ±6  L)  of 
DNAPL  remain  in  the  zone  that  was  effectively  swept  by  the  tracers  and  surfactant  (i.e.,  the  zone 
above  approximately  18  ft  bgs).  In  addition,  data  analysis  from  the  post-SEAR  soil  cores  indicates 
that  approximately  23.5  ±5.5  gal  (89  ±21  L)  remain  in  the  mid-to-bottom  zone  that  was  not 
effectively  penetrated  by  the  tracers  or  surfactant  (i.e.,  from  18  ft  bgs  down  to  the  clay  aquitard). 
The  initial  PITT  estimated  that  the  volume  of  DNAPL  in  the  test  zone  before  the  surfactant  flood 
was  approximately  81  ±7  gal  (307  ±26  L).  It  is  concluded  that  the  total  volume  of  DNAPL  present 
in  the  test  zone  before  the  surfactant  flood  is  best  represented  by  both  the  volume  of  DNAPL 
measured  by  the  PITT  plus  the  volume  of  DNAPL  estimated  (from  soil  core  data  analysis)  for  the 
zone  below  18  ft  (5.5  m)  bgs,  for  a  total  pre-SEAR  DNAPL  volume  of  approximately  105  gal  (397 
L). 

Based  on  the  volume  of  DNAPL  distributed  in  the  upper  of  the  two  permeability  zones,  it  can  be 
inferred  that  the  surfactant  flood  recovered  between  92%  and  96%  of  the  DNAPL  that  was  present 
in  the  pore  volume  that  was  swept  by  the  pre-SEAR  PITT  (i.e.,  above  18  ft  bgs).  Summing  the  two 
zones  (i.e.,  those  swept  by  surfactant  and  those  not  swept)  as  a  basis  for  estimating  the  total 
pre-SEAR  volume  of  DNAPL,  the  surfactant  flood  recovered  approximately  72%  of  the  DNAPL 
from  the  entire  SEAR  demonstration  test  zone,  which  includes  all  zones  above  the  aquitard. 

DNAPL  recovery  could  have  been  increased  from  the  middle  (i.e.,  silt)  zone  by  continuing  the 
surfactant  flood  with  additional  pore  volumes  of  surfactant  and/or  by  increasing  injection  and 
extraction  flowrates.  There  are  certainly  limits  with  respect  to  the  magnitude  and  sustainability  of 
higher  flowrates  in  such  a  shallow,  low-permeability  aquifer  without  dewatering  the  zone  of  interest. 
However,  well  development  methods  are  available  that  can  be  employed  to  increase  the  productivity 
of  wells  at  Site  88.  Because  of  the  low  permeability  conditions  imposing  an  average  surfactant 
residence  time  of  12  days,  injecting  additional  pore  volumes  of  surfactant,  although  possible,  would 
not  have  been  an  economical  alternative.  The  preferable  solution  is  to  use  surfactant-polymer  or 
surfactant-foam  during  surfactant  flooding,  i.e.,  to  implement  mobility  control  measures,  to  improve 
the  recovery  of  DNAPL  from  heterogeneous  zones.  When  hydrogeological  conditions  are  not 
limiting,  mobility  control  has  the  potential  to  improve  surfactant  flood  performance  while  reducing 
the  number  of  surfactant  pore  volumes  required  to  remediate  a  DNAPL  zone.  Unfortunately,  the 
shallow  low  permeability  conditions  of  Site  88  prevent  the  implementation  of  mobility  control  at 
this  site. 

3.1.2  Aboveground  Treatment 

The  aboveground  effluent  treatment  processes,  pervaporation  and  ultrafiltration,  operated  for  more 
than  two  months  to  recover  surfactant  from  the  extraction  well  effluent  (containing  surfactant  and 
solubilized  DNAPL)  for  reinjection  into  the  aquifer.  The  combined  extraction  well  effluent 
averaged  1  gpm  and  contained  a  maximum  of  900  mg/L  PCE,  1.2  wt%  surfactant,  and  4.1  wt%  IPA 
at  peak  breakthrough.  Despite  high  concentrations  of  iron  (14  mg/L  Le^^  and  calcium  (300  mg/L 
Ca^^),  only  limited  membrane  fouling  was  observed.  The  overall  objective  of  recovering  surfactant 
with  characteristics  acceptable  for  reinjection  was  accomplished,  which  required  an  average  95% 
contaminant  removal  from  the  extracted  surfactant  solution  and  reconcentration  of 
subsurface-diluted  surfactants  to  a  minimum  of  4.5  wt%.  Pervaporation  accomplished  the  95% 
removal  objective  for  PCE  (see  Ligure  3.3).  Whether  pervaporation  achieved  95%  removal  for  the 
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Figure  3.3.  Fraction  of  PCE  Removed  by  Pervaporation  Unit. 


secondary  contaminant,  Varsol™,  when  averaged  over  the  operational  period  (before  and  after 
surfactant  breakthrough)  is  difficult  to  evaluate.  This  is  due  to  the  exceedingly  low  concentrations 
of  Varsol™  extracted  from  the  well  field.  However,  there  is  sufficient  data  for  two  of  the  three 
Varsol™  marker  compounds  to  indicate  that,  in  the  presence  of  surfactant,  decane  removal  averaged 
56%  and  undecane  removal  averaged  33%.  The  poorer  performance  of  pervaporation  for  these 
semivolatile  compounds  was  expected,  and  indicates  that  alternative  technologies  must  be 
considered  if  the  removal  of  semi-  and  nonvolatile  compounds  from  a  surfactant  solution  is  a 
primary  objective.  As  demonstrated  on  this  project,  pervaporation  is  a  very  viable  technology  for 
the  removal  of  volatile  compounds  from  a  surfactant  solution. 

Ultrafiltration  achieved  or  exceeded  the  desired  concentration  factor  (of  five  on  average)  necessary 
to  remix  the  recovered  surfactants  at  design  injectate  concentrations  for  reinjection.  With  the  need 
to  replace  constituents  in  the  surfactant  solution  that  were  not  being  recovered  in  the  effluent 
treatment  processes,  such  as  alcohol,  it  was  necessary  to  minimally  concentrate  the  surfactants  to 
4.5  wt%  for  reinjection  at  their  original  concentration  of  4.0  wt%.  The  average  influent  surfactant 
concentrations  from  the  pervaporation  unit  to  the  ultrafiltration  unit  were  1 . 1  wt%,  whereas  the 
average  permeate  surfactant  concentrations  were  0.25  wt%;  therefore,  surfactant  recovery  was 
approximately  77%.  Surfactant  mass  balance  calculations  performed  over  the  entire  volume  of 
processed  surfactant  result  in  a  similar  calculation  of  approximately  76%  surfactant  recovery.  It  is 
approximately  equivalent  to  95%  recovery  of  surfactant  with  each  pass  over  five  passes,  when  the 
retentate  (concentrated  surfactant  stream)  is  being  recycled  to  the  influent  and  the  permeate  (dilute 
surfactant  stream)  is  being  disposed.  System  pressures  were  up  to  twice  as  high  in  the  field  due  to 
slight  membrane  fouling  by  iron  and  humic  materials  which  caused  higher  leakage  of  surfactant 
across  the  membrane.  At  the  same  time,  lower  than  anticipated  surfactant  concentrations  in  the 
SEAR  effluent  (1  wt%  vs.  1.5  wt%  at  peak  surfactant  breakthrough)  required  a  greater  number  of 
passes  being  required  to  achieve  the  target  surfactant  concentration  which  also  increased  surfactant 
losses.  Due  to  operational  logistics,  surfactants  were  often  concentrated  to  a  higher  concentration 
(e.g.,  to  5-6  wt%)  than  necessary.  Therefore,  although  the  76-77%  surfactant  recovery  fell  short  of 
the  90%  target,  it  was  considered  to  be  within  an  acceptable  range. 

The  primary  issue  with  UF  performance  for  surfactant  reconcentration  was  the  unintended  parallel 
concentration  of  contaminants  and  calcium,  both  of  which  remained  preferentially  with  the 
surfactant  when  water  was  removed.  This  is  shown  in  Table  3.1,  for  the  first  recycled  surfactant 
batch  produced  from  the  UF  unit.  This  represents  the  most  dilute  surfactant  processed  by  the  UF 
unit,  and  it  can  be  seen  that  to  bring  surfactants  to  their  final  concentration  of  5  wt%  required  a 
ten-fold  concentration  factor.  Contaminants  and  calcium  were  also  concentrated  by  this  factor. 
Although  reconcentration  of  contaminant  is  a  more  critical  issue  for  regulatory  compliance,  the 
super  concentration  of  calcium  poses  a  greater  concern  from  an  operational  standpoint.  Although 
the  concentration  of  contaminants  during  UF  processing  can  be  minimized  by  making  the 
contaminant  removal  step  more  efficient,  no  solutions  are  readily  available  for  avoiding 
unacceptably  high  concentrations  of  calcium  in  the  surfactant  recovered.  Excessive  calcium 
concentrations  will  degrade  the  performance  of  most  anionic  surfactants  used  in  subsurface 
applications.  However,  calcium  buildup  in  MEUF  will  not  be  an  issue  for  surfactant  recovery  at  all 
sites.  The  degree  to  which  MEUF  will  concentrate  the  calcium  is  a  function  of  the  surfactant  itself 
Furthermore,  many  sites  will  not  require  the  sole  use  of  calcium  as  the  electrolyte  in  order  to  prevent 
the  mobilization  of  soil  fines. 
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Table  3.1.  Comparison  of  Pervaporation  and  MEUF  Product  Streams. 


Constituent(a) 

Pervaporation 

Ultrafiltration 

Surfactant 

0.95  wt% 

5.0  wt% 

IPA 

3  wt% 

3.4  wt% 

Calcium 

0.03  wt%(b) 

0.25  wt% 

PCE 

28  mg/L 

139  mg/L 

Decane(c) 

0.8-1.25  mg/L 

6.4  mg/L 

Undecane(c) 

0.8  -  0.95  mg/L 

4.9  mg/L 

T'nmethylbenzene(c) 

BDL 

BDL 

(a)  Except  for  Varsol™  compounds  (see  c),  values  shown  for  the  pervaporation  product  stream  represent  average  values  from  April 
24,  to  May  4,  1999;  BDL  =  below  detection  limits. 


(b)  An  estimated  value  based  on  a  pervaporation  residual  sample  analyzed  for  calcium  on  May  25,  1999. 

(c)  These  were  the  three  compounds  used  to  represent  Varsol™,  a  petroleum  distillate  mixture  that  is  a  secondary  contaminant  at 
the  site;  ranges  given  for  decane  and  undecane  represent  the  average  of  two  data  points  collected  on  April  26  and  May  3,  and 
the  average  of  three  data  points  collected  on  April  19,  April  26  and  May  3  respectively. 


During  this  project,  the  high  calcium  concentrations  in  the  regenerated  surfactant  were  addressed 
by  adding  fresh  surfactant  to  the  recovered  surfactant  in  a  1  ;2  ratio  to  bring  about  a  dilution  effect, 
i.e.,  dilution  factor  of  one-third  =  33%.  This  procedure  also  reduced  contaminant  concentrations  to 
a  level  that  was  acceptable  to  State  of  North  Carolina  regulators  for  reinjection.  This  procedure  is 
not  generally  favorable  as  it  reduces  the  quantity  of  reusable  surfactant  when  surfactant  recoveries 
are  high  (i.e.,  greater  than  [1 -dilution  factor]).  However  if  the  overall  surfactant  recovery  efficiency 
inclusive  of  both  subsurface  and  aboveground  surfactant  losses  is  less  than  or  equal  to  [1 -dilution 
factor],  and  the  site  is  being  remediated  using  a  panel-by-panel  approach,  the  loss  of  reusable 
surfactant  impacts  just  one  panel  of  the  entire  remediation  (see  Section  5.1).  Ion  exchange  was 
considered  as  a  potentially  effective  means  of  removing  the  excess  calcium;  however  due  to  the 
complexity  of  the  surfactant  stream,  and  the  necessity  of  removing  both  calcium  and  chloride  ions, 
this  approach  is  not  economically  feasible.  In  order  to  fully  realize  the  cost  benefits  of  surfactant 
reuse,  additional  technology  developments  are  necessary  to  either  improve  the  quality  of  surfactant 
recovered  by  MEUF  or  to  alter  the  surfactant  formulation  to  avoid  the  calcium  concentration 
problem. 

During  the  SEAR  demonstration,  a  total  of  1,806  lb  of  surfactant  (active),  representing 
approximately  one-fifth  the  total  mass  of  injected  surfactant,  was  reinjected  during  the  SEAR 
demonstration.  Another  1,789  lb  of  surfactant  (active)  was  recovered  by  the  pervaporation  and  UF 
processes,  but  not  reinjected.  The  composition  of  the  reinjected  surfactant  is  shown  in  Table  3.2. 

3.1.3  Post-SEAR  Groundwater  Monitoring 

Eimited  post-SEAR  groundwater  monitoring  was  conducted  to  examine  the  long-term  effects  of 
SEAR  treatment  on  the  aquifer.  There  were  no  regulatory  compliance  issues  to  address  regarding 
the  impact  of  residual  chemicals  remaining  in  the  aquifer  following  SEAR  treatment.  Additionally, 
funding  for  this  effort  was  very  limited.  Therefore,  although  the  scope  of  the  post-SEAR  monitoring 
could  have  been  quite  extensive,  it  was  focused  primarily  on  determining  the  impact  of  unremoved 
DNAPE  in  the  test  zone.  This  was  addressed  by  monitoring  select  wells  for  reinfiltration  of 
free-phase  DNAPE  from  treated  zones  that  had  only  been  partially  remediated,  and  by  collecting 
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Table  3.2.  Composition  of  Recycled  Surfactant  Injected. 


Batch 

# 

Volume  (gal) 

PCE 

Surfactant  (4%wt) 

IPA  (16%wt) 

(mg/L) 

Recycled 

Fresh 

Recycled 

Fresh 

At 

2,760 

46.8 

66% 

34% 

2% 

98% 

B5 

2,800 

13.7 

62% 

38% 

21% 

79% 

C5 

2,260 

43.3 

67% 

33% 

23% 

77% 

Note:  Tank  A1  was  estimated  to  contain  3.4%wt  IPA  before  the  addition  of  six  drums  of  IPA  and  thorough  mixing  with  air.  The 

result  of  this  mixing  was  a  considerable  loss  of  IPA  due  to  volatilization  before  analysis  and  final  blending.  Calcium 
concentrations  are  not  shown. 


groundwater  samples  to  observe  PCE  concentration  rebound  in  the  test  zone.  It  should  be 
recognized  that  the  post-SEAR  monitoring  is  greatly  complicated  by  free-phase  DNAPE  and 
aqueous  plumes  adjacent  to  the  treatment  zone  that  are  migrating  back  into  the  remediated  zone. 
(Eree-phase  DNAPE  reentry  into  the  treated  zone  is  much  like  taking  the  first  slice  out  of  a  fruit  pie; 
the  filling  from  the  uncut  portions  of  the  pie  flows  into  the  void.) 

The  results  of  the  post-SEAR  groundwater  monitoring  are  provided  in  Tables  3.3  and  3.4.  Due  to 
the  acetone  concentrations  observed  during  the  first  post-SEAR  sampling  round,  IPA  was  added  as 
an  analyte  to  the  second  round  of  post-SEAR  groundwater  monitoring  conducted  in  Eebruary  2001 . 
The  sampling  locations  can  be  found  in  Eigures  4.1  and  4.4  of  Appendix  G  of  the  SEAR  Einal 
Technical  Report  (Battelle  and  DE&S,  2001)  report.  Several  general  observations  can  be  made  as 
follows: 

1 .  PCE  concentrations  are  slightly  elevated  from  post-SEAR  conditions. 

2.  PCE  is  being  reductively  dechlorinated  in  the  aquifer,  as  shown  by  comparable 
concentrations  of  PCE  and  TCE,  as  well  as  significant  concentrations  of 
cis-l,2-dichloroethene,  at  several  sampling  locations. 

3.  IPA  is  degrading,  as  shown  by  the  appearance  of  acetone. 

The  presence  of  IPA,  as  well  as  surfactant,  has  likely  stimulated  reductive  dechlorination  at  this  site, 
as  pre-SEAR  groundwater  sampling  showed  PCE  to  be  the  predominant  contaminant,  and  only 
limited  concentrations  of  TCE  appearing  in  the  test  zone  (compared  with  Table  3.5  of  the  DNAPL 
Site  Characterization  Report  [DE&S,  1999c]).  The  increase  in  PCE  concentrations  since  the  end 
of  the  SEAR  demonstration  is  not  surprising  due  to  the  presence  of  residual  DNAPE  in  the  basal  silt 
zone  that  was  not  removed  during  surfactant  flooding.  It  should  be  noted  that  PCE  concentrations 
at  MES-2T  remain  below  1  mg/E,  supporting  the  observation  that  residual  DNAPE  was  effectively 
removed  from  the  more  permeable  upper  zones.  The  post-SEAR  PCE  concentration  at  MES-2M 
for  both  sampling  events  (780  and  1,100  mg/E)  is  well  above  the  aqueous  solubility  limit  for  PCE 
(240  mg/E);  however,  free-phase  DNAPE  has  been  observed  as  a  milky  white  microemulsion  in 
samples  from  this  location;  therefore  these  results  are  attributed  to  DNAPE  that  was  collected  into 
the  groundwater  sample. 

It  is  rather  noteworthy  that  monitoring  of  the  upper  versus  middle  zones,  after  1 8  months,  shows  that 
post-SEAR  PCE  concentrations  range  from  less  than  1  mg/E  at  MES-2T  to  1,100  mg/E  at  MSE-2M. 
Interestingly,  these  two  sampling  points  are  located  at  the  same  xy  location  and  are  separated  by 
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Table  3,3.  Post-SEAR  Groundwater  Monitoring  Results,  May  2000  Sampling  Event. 


Sampling  Point  and  Contaminant  Concentration  (pg/L) 

Compound 

RWOl 

RW02 

MWlOIW 

MWIOIWD 

ML2T 

ML2M 

2-Butanone 

1,000  u 

760  J 

10  u 

10  u 

560  J 

1,000  u 

1,1- 

Dichloroethane 

500  U 

500  U 

5U 

5U 

500  U 

400  J 

Acetone 

25,000 

73,000 

10  u 

10  u 

54,000 

4,800 

Carbon  Disulfide 

500  U 

500  U 

5U 

5U 

500  U 

500  U 

cis-1,2- 

Dichloroethene 

7,900  J 

1,200 

44 

28 

500  U 

1,200 

Methylene 

Chloride 

500  U 

500  U 

5U 

5U 

500  U 

500  U 

T  etrachloroethene 

43,000 

89,000 

290 

280 

2,300 

780,000 

tmns-1,2- 

Dichloroethene 

500  U 

500  U 

5U 

5U 

500  U 

500  U 

Trichloroethene 

690 

89,000 

160 

170 

640 

1,000 

Vinyl  Chloride 

910 

750 

2U 

2U 

200  U 

200  U 

80  JN 

J  =  concentration  estimated. 

JN  =  estimated/tentative  identification  because  no  standards  and  calibrations  were  run  for  IPA. 
U  =  not  detected  at  reported  quantitation  limit. 


Table  3,4,  Post-SEAR  Groundwater  Monitoring  Results,  February  2001  Sampling  Event, 


Sampling  Point  and  Contaminant  Concentration  (pg/L) 


Compound 

RWOl 

RW02 

MWlOIW 

MWIOIWD 

ML2T 

ML2M 

2-Butanone 

5U 

2,500  U 

5U 

5U 

5U 

500  U 

1 , 1  -Dichloroethane 

1 

500  U 

1  U 

1  U 

1  U 

71  J 

1 , 1  -Dichloroethene 

13 

500 

1 

1  u 

1  u 

240 

Acetone 

100,000 

400,000 

5U 

5U 

160,000 

440,000 

Carbon  Disulfide 

0.6  J 

100  U 

1  U 

1  u 

1  u 

100  U 

Chlorobenzene 

4 

500  U 

1  u 

1  u 

1  u 

190 

cis- 1 ,2-Dichloroethene 

6,700  J 

29,000 

34 

32 

180  U 

1,100 

Ethylbenzene 

11 

500  U 

1  U 

1  U 

1  U 

100  U 

Methylene  Chloride 

1  U 

500  U 

1  U 

1  U 

1  U 

100  U 

ffj,/?-Xylene 

44 

500  U 

1  U 

1  U 

1  U 

100  U 

o-Xylene 

8 

500  U 

1  U 

1  U 

1  U 

100  U 

T  etrachloroethene 

65,000 

19,000 

200 

340 

46 

1,100,000 

Toluene 

2 

500  U 

1  U 

1  U 

1  U 

100  u 

trans- 1 ,2-Dichloroethene 

37 

1,000  U 

2U 

2U 

3 

200  U 

Trichloroethene 

1,500 

24,000 

150 

170 

4,700 

1,500 

Vinyl  Chloride 

960  J 

2,000  J 

2U 

2U 

8 

200  U 

IsonroDvl  Alcohol 

50  U 

5.300.000 

50  U 

50  U 

1.200.000 

44.000.000  JN 

J  =  concentration  estimated. 

JN  =  estimated/tentative  identification  because  no  standards  and  calibrations  were  run  for  IPA. 
U  =  not  detected  at  reported  quantitation  limit. 


38 


only  1.5  ft  vertically  (17  ft  bgs  versus  18.5  ft  bgs).  The  apparent  cause  for  this  significant  PCE 
gradient  (nearly  five  orders  of  magnitude)  is  the  hydrogeologic  setting  and  the  variable  presence  of 
DNAPL.  MLS-2T  is  located  in  the  fine  sands  that  are  characteristic  of  the  overall  shallow  aquifer 
which  have  been  effectively  remediated,  whereas  MLS-2M  is  located  in  the  lower  permeability  basal 
silt  zone,  which  still  contains  DNAPL. 

In  addition  to  the  data  provided  in  Tables  3.3  and  3.4,  VOC  concentration  data  have  been  collected 
at  Site  88  monitoring  wells  as  part  of  the  basewide  long-term  monitoring  program.  In  Table  3.5, 
pre-PITTl,  pre-SEAR,  mid-SEAR,  and  post-SEAR  VOC  data  are  provided  at  several  of  these  Site 
88  wells.  The  well  locations  can  be  found  in  Eigure  3.2  in  Appendix  G  of  the  SEAR  Einal  Technical 
Report  (Battelle  and  DE&S,  2001).  The  PCE  concentrations  fluctuate  with  time,  but  there  is 
insufficient  data  to  suggest  trends  that  can  be  attributed  directly  to  SEAR  operations.  In  fact,  of  the 
monitoring  wells  sampled  in  the  long-term  monitoring  program,  only  wells  MW02  and  MW04  are 
located  hydraulically  downgradient  of  the  SEAR  demonstration  area.  However,  a  similar  variability 
in  VOC  concentrations  is  observed  regardless  of  sampling  location,  which  suggests  that  other  factors 
are  contributing  to  the  variability  in  VOC  concentrations  at  the  long-term  monitoring  wells. 

Eree-phase  DNAPL  interface  measurements  collected  during  post-SEAR  groundwater  monitoring 
are  compared  against  baseline  conditions  obtained  prior  to  initiating  SEAR  operations  in  Tables  3.6 
and  3.7.  A  comparison  of  the  pre-SEAR  and  post-SEAR  results  show  that  in  all  wells  where 
free-phase  DNAPL  was  initially  detected  and  measured  (i.e.,  depth  to  DNAPL  from  top  of  well 
casing),  that  post-SEAR  DNAPL  levels  are  lower  than  pre-SEAR  DNAPL  levels.  This  indicates 
that  SEAR  did  have  a  long-term  impact  on  DNAPL  levels  in  the  aquifer.  At  EX05,  a  free-phase 
DNAPL  interface  was  not  previously  detected,  and  the  post-SEAR  data  shows  that  DNAPL  has 
been  slowly  accumulating  in  the  well  sump. 

Tables  3.6  and  3.7  also  show  an  increase  in  DNAPL  levels  over  time  since  the  end  of  the  SEAR 
demonstration;  however  they  are  still  lower  than  pre-SEAR  DNAPL  levels.  It  is  fully  expected  that 
DNAPL  from  beyond  the  treatment  zone  is  now  contributing  to  rising  DNAPL  levels  in  wells  inside 
the  treatment  zone. 

3.2  DISCUSSION  OF  DEVIATIONS  FROM  THE  DEMONSTRATION  PLAN 

Several  deviations  from  the  Demonstration  Plan  (NEESC,  1999)  were  made  with  respect  to  flowrates 
at  select  wells  during  the  surfactant  flood  and  post-SEAR  water  flood.  These  changes  were  made 
after  the  initial  phase  of  the  surfactant  flood,  and  were  based  on  an  evaluation  of  analytical  data  and 
observed  hydraulic  and  DNAPL  conditions  in  the  test  zone.  After  27  days  (Phase  I)  of  surfactant 
flooding,  injection  flowrates  were  altered  in  a  graded  fashion,  with  flowrates  increased  near  the 
building  and  decreased  away  from  the  building,  yet  they  still  maintained  at  a  total  injection  rate  of 
0.4  gpm  as  specified  in  the  Demonstration  Plan.  This  graded  flowrate  scheme  was  implemented  as 
Phase  II  of  the  surfactant  flood  because  laboratory  analyses  indicated  that  little  or  no  DNAPL  had 
been  removed  from  the  wells  farthest  from  the  building,  but  field  observations  indicated  a  continued 
presence  of  free-phase  DNAPL  in  the  wells  adjacent  to  the  building.  Therefore,  by  implementing 
a  graded  flowrate  scheme  for  the  remaining  3 1  days  of  the  surfactant  flood,  additional  surfactant  was 
delivered  to  the  most  highly  contaminated  area  near  the  building  without  increasing  the  duration  of 
the  surfactant  flood  or  the  total  mass  of  surfactant  used  for  the  overall  demonstration.  Elowrates 
during  the  surfactant  flood  and  post-SEAR  water  flood  and  PITT  are  shown  in  Table  3.8. 
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Table  3.5,  VOC  Concentration  Trends  at  Selected  Site  88  Long-Term  Monitoring  (LTM) 
Locations. 


Compound 


Well  ID  PCE  TCE  I  c/s-l,2-DCE  I  tra«s-l,2-DCE  |  VC 

MWOl 


(pre-  PITTl)May  15,  1997 

ND 

ND 

ND 

ND 

ND 

(pre-SEAR)  January  21,  1999 

4 

ND 

ND 

ND 

ND 

(mid-SEAR)  July  27,  1999 

ND 

ND 

ND 

ND 

ND 

(post-SEAR)  January  18, 

2000 

ND 

ND 

ND 

ND 

ND 

MW02 


(pre-PITTl)May  15,  1997 

9,100 

96 

NA 

41 

ND 

(pre-SEAR)January  21,  1999 

3,300 

160 

14 

ND 

ND 

(mid-SEAR)  July  27,  1999 

12,000 

130 

31 

ND 

ND 

(post-SEAR)  January  18, 

10,000 

370 

29 

ND 

ND 

2000 


MW02IW 


(pre-PITTl)May  15,  1997 

3,400 

120 

NA 

12 

ND 

(pre-SEAR)  January  21,  1999 

1,100 

140 

44 

ND 

ND 

(mid-SEAR)  July  27,  1999 

4,900 

210E 

64 

ND 

ND 

(post-SEAR)  January  18, 

7,500 

270 

81 

ND 

ND 

2000 


MW04 


(pre-PITTl)May  14,  1997 

ND 

ND 

ND 

ND 

ND 

(pre-SEAR)  January  21,  1999 

6 

ND 

ND 

ND 

ND 

(mid-SEAR)  July  27,  1999 

ND 

ND 

ND 

ND 

ND 

(post-SEAR)  January  18, 

ND 

ND 

ND 

ND 

ND 

2000 


MW05 


(pre-PITTl)May  13,  1997 

3,000 

42 

NA 

38 

ND 

(pre-SEAR)  January  21,  1999 

1,300 

33 

10 

ND 

ND 

(mid-SEAR)  July  27,  1999 

6,500 

46 

23 

ND 

ND 

(post-SEAR)  January  18, 

5,700 

38 

23 

ND 

ND 

2000 


MW05IW 


(pre-SEAR)  May  13,  1997 

1,400 

910 

NA 

600 

ND 

(pre-SEAR)  January  21,  1999 

910 

1,500 

1,100 

18 

ND 

(mid-SEAR)  July  27,  1999 

3,400 

2,100 

1,800 

24 

ND 

(post-SEAR)  January  18, 

3,900 

2,600 

1,900 

20 

ND 

2000 
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Table  3.6,  Free-Phase  DNAPL  Interface  Measurements. 


DNAPL  Level  Measurements  (Below  Top  of  Casing) 

Feb-98 

Aug-99 

May-00 

Feb-01 

Well  ID 

(pre-SEAR) 

(0  mo.  post-SEAR) 

(9  mo.  post-SEAR) 

(18  mo.  post-SEAR) 

EXOl 

17.1 

19.45 

18.82 

18.4 

EX02 

20.2 

20.97 

20.7 

20.63 

EX04R 

NM 

19.52 

19.22 

19.18 

EX05 

NP 

NP 

21.53 

21.55 

INOl 

19.4 

NP 

NP 

NP 

IN02 

NP 

NP 

NP 

NP 

HCOl 

21 

NP 

NP 

NP 

RWOl 

18.6 

NP 

19.57 

19.25 

RW02 

18.2 

19.45 

18.95 

18.92 

RW04 

17.2 

16.8 

17.26 

17.38 

RW06 

16.8 

17.95 

17.65 

17.64 

NM  =  not  measured. 
NP  =  no  product. 


Table  3.7.  Changes  in  DNAPL  Interface  Evaluations. 


Well  ID 

Change  in  DNAPL  Interface  Elevations  (ft)  Referenced  to  Pre-SEAR 

DNAPL  Levels 

Aug-99 

(0  mo.  post-SEAR) 

May-00 

(9  mo.  post-SEAR) 

Feb-01 

(18  mo.  post-SEAR) 

EXOl 

-2.35 

-1.72 

-1.3 

EX02 

-0.77 

-0.5 

-0.43 

EX04R 

NA 

NA 

NA 

EX05 

NA 

NA 

NA 

INOl 

NA 

NA 

NA 

IN02 

NA 

NA 

NA 

HCOl 

NA 

NA 

NA 

RWOl 

NA 

-0.97 

-0.65 

RW02 

-1.25 

-0.75 

-0.72 

RW04(a) 

0.4 

-0.06 

-0.18 

RW06<'') 

-1.15 

-0.85 

-0.84 

(a)  Well  located  outside  the  test  zone. 
NA  =  not  applicable. 
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Table  3.8.  Flowrates  During  the  Surfactant  Flood  and  Post-SEAR  Water  Flood  and  PITT. 


Well  ID 

Surfactant 
Flood  Phase  I 
(27  days) 
Design  Rates 
(gpm) 

Surfactant 
Flood  Phase  II 
(31  days) 
Revised  Rates 

(gpm) 

Post-SEAR 

Water  Flood 
Phase  I 
(25  days) 
Revised  Rates 
(gpm) 

Post-SEAR 

Water  Flood 
Phase  II 
(9  days) 
Design  Rates 
(gpm) 

Post-SEAR 
PITT 
(40  days) 
Design  Rates 
(gpm) 

INOl 

0.13 

0.17 

0.25 

0.2 

0.2 

IN02 

0.13 

0.13 

0.2 

0.2 

0.2 

IN03 

0.13 

0.1 

0.15 

0.2 

0.2 

INOlU 

0.08 

0.08 

0.08 

0.08 

0.08 

IN02U 

0.08 

0.08 

0.08 

0.08 

0.08 

IN03U 

0.08 

0.08 

0.08 

0.08 

0.08 

EXOl 

0.17 

0.22 

0.33 

0.25 

0.25 

EX02 

0.17 

0.17 

0.25 

0.25 

0.25 

EX03 

0.19 

0.14 

0.21 

0.28 

0.28 

EX04 

0.17 

0.22 

0.33 

0.25 

0.25 

EX05 

0.17 

0.17 

0.25 

0.25 

0.25 

EX06 

0.17 

0.13 

0.19 

0.25 

0.25 

HCOl 

0.2 

0.2 

0.3 

0.3 

0.3 

HC02 

0.2 

0.2 

0.3 

0.3 

0.3 

Following  the  surfactant  flood,  Phase  I  of  the  post-SEAR  water  flood  also  used  a  graded  flowrate 
scheme  that  deviated  from  the  design  flowrates.  This  change  was  implemented  to  sweep  a  similar 
pore  volume  of  aquifer  during  the  water  flood  (for  recovery  of  surfactant  and  solubilized  DNAPL) 
as  was  swept  by  the  Phase  II  surfactant  flood.  Post-SEAR  water  flood  flowrates  were  returned  to 
design  rates  for  Phase  II  of  the  water  flood  and  remained  constant  thereafter  for  the  remainder  of  the 
water  flood  and  post-SEAR  PITT. 

The  project  was  extended  for  a  total  of  24  days  beyond  the  duration  specified  in  the  Demonstration 
Plan;  specifically,  there  was  a  10-day  extension  of  the  surfactant  flood  and  a  14-day  extension  of 
the  post-SEAR  water  flood.  The  surfactant  flood  was  extended  to  recover  additional  DNAPE  from 
the  test  zone,  based  upon  an  evaluation  of  analytical  data  and  the  continued  observation  of 
free-phase  DNAPE  in  several  wells.  The  post-SEAR  water  flood  was  extended  to  reduce  the 
surfactant  concentrations  in  the  test  zone  to  acceptable  levels  before  starting  injection  of  tracers  for 
the  post-SEAR  PITT.  These  extensions  to  the  duration  of  the  demonstration  were  made  because  of 
a  slower-than-expected  response  of  the  geosystem,  which  occurred  because  permeability  in  the  basal 
silt  layer  was  lower  than  originally  anticipated. 

3.3  COMPARISON  OF  MEASURED  PERFORMANCE  TO  TECHNOLOGY  CLAIMS 

Due  to  the  lack  of  prior  SEAR  field  data  under  the  exceptionally  low  aquifer  permeability  conditions 
that  exist  at  Site  88,  MCB  Camp  Eejeune,  it  is  not  possible  to  compare  measured  performance  to 
technology  claims.  Fiowever,  the  72%  DNAPE  removal  efficiency  demonstrated  at  Site  88  can  be 
favorably  compared  to  the  63%  removal  efficiency  recently  accomplished  at  the  Sages  Dry-Cleaning 
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Site  in  Florida,  where  the  average  permeability  was  an  order  of  magnitude  higher  than  that  at  Site 
88  (Jawitz  et  ah,  2000).  It  is  also  possible  to  eomment  on  the  measured  performanee  relative  to  the 
performanee  objectives  stated  in  Section  2. 1 .  The  performance  objectives  for  DNAPL  removal  were 
established  based  on  a  very  successful  application  of  SEAR  at  a  site  (Hill  Air  Force  Base)  (Brown 
et  ah,  1998)  with  up  to  two  orders  of  magnitude  higher  permeability  than  that  which  exists  at  Site 
88.  Due  to  the  more  challenging  hydrogeologic  conditions  at  Site  88,  both  technical  and  budgetary 
limitations  prevented  these  performance  objectives  from  being  accomplished.  A  combination  of  the 
shallow  depth  to  contamination  and  low  permeability  limited  the  hydraulic  gradients  that  could  be 
applied  to  the  site,  which  prolonged  the  field  time  required  to  flush  surfactant  through  the 
contamination  zone. 

For  example,  at  MCB  Camp  Fejeune,  the  travel  time  for  surfactant  solution  to  move  a  distance  of 
15  ft  was  12  days,  compared  to  <1  to  4  days  at  a  more  ideal  site  with  higher  permeability.  Although 
the  surfactant  Hooding  at  Site  88  was  extended  by  1 1  days,  it  was  evident  that,  when  surfactant 
flooding  was  terminated,  PCE  concentrations  were  still  elevated  as  a  result  of  surfactant  flooding 
in  several  of  the  extraction  wells  as  shown  in  Figure  3.4.  This  result  indicated  that  DNAPF 
remaining  in  the  test  zone  continued  to  be  solubilized  by  the  surfactant  flood;  however,  the 
demonstration  budget  did  not  permit  further  extension  of  surfactant  flooding.  The  ineffectiveness 
of  surfactants  to  remediate  the  bottom  zone  was  due  to  a  combination  of  the  high  permeability 
contrast  and  the  low  absolute  permeability,  neither  of  which  were  adequately  quantified  during 
remedial  design  activities.  Given  the  expected  permeability  contrast  of  5:1  prior  to  the  SEAR,  the 
design  approach  used  for  the  basal  silt  layer  was  to  increase  the  number  of  surfactant  flood  pore 
volumes  from  three  to  five  in  order  to  sweep  the  low-permeability  zone.  This  decision  was 
supported  by  design  simulations  that  indicated  an  effective  sweep  under  these  conditions  with  five 
pore  volumes.  The  results  of  the  SEAR  demonstration  showed  that  this  design  did  effectively 
remediate  the  upper  portions  of  the  basal  silt  layer  where  permeability  contrast  range  is  about  3:1 
to  5: 1 .  However,  the  design  was  unable  to  accommodate  the  greater  permeability  contrast  of  10: 1 
that  actually  existed  in  the  aquifer;  hence  DNAPE  removal  was  reduced  to  72%  from  the  original 
target  of  96%.  In  the  future,  a  robust  SEAR  design  that  uses  mobility  control  measures  to  overcome 
the  tendency  of  SEAR  fluids  to  preferentially  flow  through  zones  of  higher  permeability  is  highly 
recommended  when  hydrogeologic  conditions  are  not  limiting.  At  Camp  Eejeune,  the  combination 
of  shallow  and  low  permeability  conditions  restricted  the  use  of  mobility  control  measures;  therefore 
SEAR  performance  was  reduced 

because  of  the  limited  range  of  the  hydraulic  gradients  that  could  be  applied,  as  well  as  the  budget 
available  for  establishing  the  flooding  duration. 

The  low  permeability  of  the  basal  silt  also  influenced  the  effectiveness  of  the  PITT  conducted  at 
MCB  Camp  Eejeune.  The  poor  sweep  of  the  tracers  through  the  basal  silt  layer  tended  to  result  in 
an  underestimate  of  the  DNAPE  volume  during  the  initial  PITT.  The  final  PITT  data  was  rendered 
unusable  due  to  the  interference  of  a  sorbed  surfactant  impurity  that  caused  false  tracer  partitioning 
(i.e.,  partitioning  to  surfactant  rather  than  DNAPE).  There  were  several  reasons  that  the  sorbing 
effects  of  the  surfactant  impurity  on  the  post-SEAR  tracers  were  not  discovered  prior  to  field 
implementation.  The  first  reason  is  that  during  the  PITT  tracer  selection  process,  tracers  were  noted 
to  sorb  at  low  levels  even  to  clean  Camp  Eejeune  soils  due  to  the  occurrence  of  relatively  high 
sedimentary  organic  carbon  content  (i.e.,  foe  in  the  sediments),  as  documented  in  the  pre-SEAR 
PITT  report.  Thus,  even  though  some  tracer  retardation  was  observed  during  post-SEAR  tracer 
testing  that  followed  surfactant  flooding  of  soil  columns,  it  was  misattributed  to  this  background 
phenomena.  Secondly,  with  the  special  effort  devoted  to  the  development  of  a  custom  surfactant 
to  meet  project  objectives,  funds  and  resources  to  examine  effects  such  as  surfactant  impurities  were 
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Figure  3.4.  History  of  PCE  Concentration  at  Extraction  Well  EX04R. 


very  restricted.  Finally,  it  should  be  mentioned  that  any  sorption  effect  noted  in  the  laboratory  was 
aggravated  in  the  field  due  to  the  lengthened  residence  time  (average  12  days)  in  the  low 
permeability  Camp  Lejeune  soils. 

The  performance  objective  for  hydraulic  control,  which  stated  that  a  minimum  of  90%  recovery  of 
injected  chemicals  would  be  recovered,  basically  was  accomplished,  with  88%  recovery  of  IPA  from 
the  subsurface.  Elevated  IPA  concentrations  from  the  middle-zone  sampling  points  at  the  end  of  the 
SEAR  test  suggested  that  the  main  reason  for  IPA  losses  is  incomplete  recovery  from  the 
lower-permeability  middle  zones  within  the  time  frame  of  the  project.  The  lower  surfactant  recovery 
of  approximately  78%  (relative  to  IPA)  is  hypothesized  to  have  been  caused  by  late-time  sorption 
and/or  biodegradation  of  surfactant,  as  can  be  seen  in  Eigure  3.5.  The  reason  for  this  is  the 
supporting  evidence  that  hydraulic  control  was  maintained  (see  Section  3.1.1)  as  well  as  evidence 
of  surfactant  sorption  from  the  results  of  the  final  PITT.  Because  the  surfactant  is  biodegradable 
(DE&S,  1999b),  it  is  likely  that  once  sorbed  it  would  tend  to  biodegrade,  but  there  is  no  evidence 
to  verify  that  this  occurred.  It  should  be  noted  that  no  surfactant  has  been  previously  evaluated 
under  such  extended  periods  in  the  field;  therefore,  it  is  not  possible  to  compare  the  performance  of 
the  custom  MCB  Camp  Lejeune  surfactant  to  the  surfactants  used  at  other  sites,  with  respect  to 
biodegradability.  Einally,  during  the  final  PITT,  82  ±5%  tracer  recovery  was  accomplished,  which 
is  comparable  to  the  85  ±3%  tracer  recovery  obtained  during  the  initial  PITT. 

More  generally,  the  MCB  Camp  Lejeune  SEAR  demonstration  has  shown  that  SEAR  can  be 
implemented  in  such  a  fine-grained,  low-permeability  aquifer  as  Site  88  without  causing  any  aquifer 
plugging.  This  potential  concern  was  addressed  during  the  design  stage  by  including  alcohol  in  the 
surfactant  formulation,  as  well  as  by  using  calcium  as  the  sole  electrolyte  to  prevent  the  mobilization 
of  clay  fines.  This  combination  was  successful  as  the  SEAR  demonstration  was  completed  with  no 
measurable  loss  of  permeability  from  surfactant  injection. 

The  surfactant  recovery  work  performed  at  Camp  Lejeune  also  was  unique  to  this  ESTCP 
demonstration.  Although  both  pervaporation  and  ultrafiltration  have  been  used  in  the  past  to  treat 
contaminated  groundwater,  neither  has  ever  been  applied  to  the  treatment  train  used  at  Site  88.  A 
discussion  of  field  performance  relative  to  performance  objectives  for  the  aboveground  surfactant 
recovery  processes  is  provided  in  Section  3.1.2. 
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4.0  COST  ASSESSMENT 


This  section  provides  (1)  a  summary  of  the  actual  costs  of  the  ESTCP  demonstration  and  (2)  the 
application  of  the  results  of  the  ESTCP  demonstration  to  develop  a  design  concept  and  cost  estimate 
for  full-scale  application  of  SEAR  for  DNAPE  cleanup  at  Site  88,  MCB  Camp  Eejeune.  Actual 
costs  for  the  ESTCP  demonstration  include  those  that  are  associated  with  the  remediation  of 
DNAPE.  Costs  that  are  specific  to  the  requirements  of  the  ESTCP  demonstration  rather  than 
application  of  the  technology  (such  as  validation  efforts)  are  not  included.  Because  full-scale  SEAR 
application  at  Site  88  encompasses  a  very  small  area  of  only  approximately  2,500  ff ,  and  full-scale 
application  at  other  sites  will  likely  address  larger  source  areas,  full-scale  SEAR  costs  were  also 
developed  for  two  larger  scenarios:  0.5  acre  and  1.0  acre.  In  addition,  because  surfactant-flooding 
costs  are  sensitive  to  the  permeability  of  the  contaminated  aquifer,  parallel  cost  estimates  also  were 
developed  for  a  high  permeability  site  (K  =  10"^  to  10"^  cm/sec)  with  all  other  site  variables  similar 
to  Camp  Eejeune.  Eor  simplicity,  the  cost  comparison  of  alternative  DNAPE  remediation 
technologies  was  performed  only  for  the  actual  DNAPE  source  area,  i.e.,  2,500  ft^,  and  actual  site 
conditions  at  MCB  Camp  Eejeune. 

4.1  SUMMARY  OF  TREATMENT  COSTS 

The  ESTCP  demonstration  involved  the  setup  and  operation  of  three  injection  wells,  two  hydraulic 
control  wells,  and  six  extraction  wells.  Remediation  operations  for  the  demonstration  included  a 
pre-SEAR  water  flood  (8  days),  surfactant  flood  (58  days),  and  post-SEAR  water  flood  (74  days 
including  the  40-day  post-SEAR  PITT).  The  aquifer  zone  with  the  highest  DNAPE  saturation  was 
the  3-4  ft  (0.9I-I.22  m)  above  the  aquitard.  The  surfactant  solution  was  injected  into  the 
DNAPE-contaminated  zone  while  water  was  also  injected  simultaneously  into  the  upper  portion  of 
the  aquifer  for  upper  hydraulic  containment,  i.e.,  to  direct  the  flow  of  surfactant  through  the  most 
contaminated  region.  The  site  conditions  are  summarized  in  Table  4. 1 ,  and  the  costs  that  are  directly 
related  to  the  site  remediation  aspects  of  the  demonstration  are  shown  in  Table  42. 

Table  4.1.  Demonstration  Conditions  at  Site  88,  MCB  Camp  Eejeune, 


Parameter 

Value 

Area  remediated 

600  fP  (55.7  m^) 

Depth  to  aquitard 

18-20  ft  (5. 5-6.1  m)  bgs 

Depth  to  groundwater 

7-9  ft  (2.1 -2.7  m)  bgs 

Porosity  of  aquifer 

0.3 

1.42  ft/day  (5  x  10^  em/see)  for  the  upper  3  ft%f  the  DNAPL 
zone  (and  for  the  rest  of  the  saturated  zone  above),  0.28  ft/day 
(1  X  10  “  em/see)  for  the  middle  1  ft,  and  0.14  ft/day  (5  x  KT^ 
em/see)  for  the  bottom  1  ft 

Aquifer  thiekness 

11  ft  (3.4  m) 

Swept  pore  volume 

Approx.  6,000  gal  (22,700  L) 

Amount  of  DNAPL  removed 

76  ±9  gal  (288  ±34  L) 

Amount  of  DNAPL  remaining 

29  ±9  gain  10  ±34  L) 

(a)  Based  on  post-SEAR  history  match  (i.e.,  data  fitting)  simulations  and  post-SEAR  grain-size  analyses. 
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Table  4,2. 


Costs  Incurred  for  SEAR  Treatment  Activity  During  the  ESTCP 
Demonstration  at  Site  88,  MCB  Camp  Lejeune. 


Item 

Item  Cost  ($) 

fVBS  4.07,  4.08,  and  4.09  -  DNAPL-Source  Zone  Characterization:  Includes  site 
selection,  pre-existing  data  review,  31  Geoprobe®  and  10  CPT  pushes  for  geologic 
logging  and  soil  sampling,  preservation  and  VOC  analysis  of  82  soil  samples,  installation 
of  3  wells,  aquifer  testing,  ground-water  sampling  and  analysis,  data  analysis,  preliminary 
geosystems  modeling,  and  disposal  of  investigation-derived  waste. 

131,900 

WBS  4.04  -  Surfactant  Selection:  Includes  phase  behavior  testing,  soil  column  testing, 
and  $15,000  for  in-kind  custom  surfactant  testing. 

108,000 

WBS  4.04  -  Pre-SEAR  PITT  Design:  Includes  tracer  selection  (partition  coefficient 
measurement,  soil  column  testing),  PITT  design  and  modeling,  and  preparation  of  PITT 
work  plans. 

65,500 

WBS  4.23.05  -  Well  Field  Installation:  Includes  15  wells  (3  injection,  6  extraction,  2 
hydraulic  control,  3  DNAPL  recovery,  and  1  extraction  well  replacement)  and  6  MSLs  to 
be  used  for  PITT  and  SEAR  demonstration;  materials,  equipment,  and  labor  (including 
$4, 100  in-kind  contribution);  waste  management;  and  collection  and  VOC  analysis  of  3 1 
soil  samples. 

81,600 

WBS  4.23.05  -  Free-Phase  Removal:  Includes  equipment  procurement,  system 
installation  and  54  days  of  free-phase  DNAPL  recovery.  Based  on  the  minimal  amount  of 
DNAPL  recovered,  only  a  scaled-down  DNAPL  recovery  effort  is  recommended  for  full- 
scale  operations  at  sites  with  similarly  low  permeabilities.  Free-phase  recovery  may  be 
accomplished  as  part  of  the  CITT  or  pre-SEAR  water  flood. 

134,000 

WBS  4.23.05  -  CITT  and  Pre-Sear  PITT:  Includes  mobilization,  system  setup, 
shakedown,  and  demobilization;  14  days  of  CITT  testing  and  7  days  of  interim  water 
flooding  to  maintain  CITT  hydraulic  conditions  for  PITT;  sampling  and  field  analysis  of 

Br;  update  of  geosystems  model  based  on  CITT  results;  40  days  of  pre-SEAR  PITT 
operation;  sample  analysis;  wastewater  treatment  and  utilities  ($60,069  in-kind 
contributions);  and  data  analysis  and  reporting.  Estimated  cost  for  CITT  only  is  $72,000. 

460,000 

WBS  4.23.05  -  SEAR  Demonstration:  Includes  installation  of  test  zone  monitoring 
points  (most  SEAR  well  installation  costs  included  under  well  installation  category 
above),  mobilization,  setup,  and  shakedown.  Also  includes  operation  of  the  SEAR 
(including  $75,000  in-kind  labor  for  pervaporation  field  operations),  chemical  costs 
($68,791),  post-SEAR  water  flood,  post-SEAR  PITT  ($143,000),  wastewater  treatment 
and  utilities  ($75,105  in-kind  contribution),  hazardous  waste  disposal,  chemical  analysis 
($107,000),  post-SEAR  soil  sampling  (60  VOC  samples)  (includes  $5,100  in-kind 
contribution),  work  plans,  data  analysis  and  reporting  ($120,000),  and  demobilization. 

1,208,000 

WBS  4.26.44,  4.26.45  -  Surfactant  Regeneration  Costs:  MEUF  equipment  development 
and  field  labor;  pervaporation  equipment  development  and  field  labor. 

820,500 

WBS  4.01  and  4.02  Indirect  Costs:  NFESC  project  management. 

65,000 

SEAR  Demonstration  Total  Cost 

3,074.500 

(a)  CITT  =  conservative  interwell  tracer  test. 


4.2  SCALE-UP  RECOMMENDATIONS 

The  conclusions  from  the  ESTCP  SEAR  demonstration  at  Site  88,  MCB  Camp  Eejeune  (Section  3.0) 
and  the  performance  observations  and  lessons  learned  (Section  5.2)  were  used  as  a  basis  for 
examining  the  viability  of  a  full-scale  application  of  SEAR  technology  to  remediate  the 
DNAPE-contaminated  saturated  zone  at  the  site. 
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4.2.1  Concepts  for  Full-Scale  Applications 


Although  most  system  specifications  used  in  the  full-scale  estimates  are  identical  to  what  was 
employed  in  the  Camp  Lejeune  demonstration,  several  modifications  have  been  made  to  take 
advantage  of  recent  technology  advancements.  For  example,  significant  progress  has  been  made  in 
the  development  of  customized  surfactants  since  the  Camp  Lejeune  demonstration,  including  the 
improved  tailoring  of  surfactants  to  PCE.  Surfactants  such  as  the  Alfo terra  123-8PO  sulfate™  have 
been  used  in  the  field  for  Navy  special  fuel  oil  (NSFO)  and  coal  tar  removal,  and  show  improved 
microemulsion  viscosity  compared  to  Alfoterra  145-4PO  sulfate™  which  was  used  at  Camp 
Lejeune.  Both  of  the  named  contaminants  are  highly  viscous;  for  example,  the  viscosity  of  NFSO 
at  61  °C  is  150  centipoise  (cp),  while  the  viscosity  of  coal  tar  at  38  °C  is  32  cp,  in  comparison  to 
PCE  which  has  a  viscosity  of  0.9  cp  at  25  °C.  Yet,  the  cosolvent  requirement  for  the  NFSO  and  coal 
tar  floods  did  not  exceed  8  wt%  IP  A.  This  is  a  50%  reduction  in  IPA  content,  as  compared  to  the 
16  wt%  IPA  requirement  for  PCE  using  Alfoterra  145-4PO  sulfate™.  A  new  surfactant,  the 
Alfoterra  I12-3PO  sulfatea,  has  been  especially  tailored  for  PCE  and  displays  much  improved  phase 
behavior  and  viscosity  in  comparison  to  the  Alfoterra  145-4PO  sulfatea  due  to  the  uniformity  of  and 
decreased  carbon  length  of  the  surfactant  tail. '  Eor  this  reason  the  full-scale  SEAR  estimates  assume 
the  use  of  Alfoterra  I12-3PO  sulfate™  and  no  more  than  8  wt%  IPA.  It  is  possible  that  as  little  as 
4  wt%  IPA  could  be  used;  however,  this  requires  additional  laboratory  testing  with  the  Camp 
Eejeune  DNAPE  and  soils. 

Another  innovation  that  has  been  included  in  the  SEAR  full-scale  estimates  is  the  use  of  chemical 
metering  pumps  and  in-line  mixing  for  surfactant  injectate  preparation.  This  avoids  manual 
chemical  measurements  for  improved  accuracy  of  the  surfactant  composition  and  reduced  labor 
costs,  and  minimizes  the  required  tankage  capacity  for  reduced  construction  costs  when  the 
remediation  is  sufficiently  large.  Additionally,  an  on-line  gas  chromatograph  (GC)  has  been  added 
for  the  analysis  of  organic  contaminants.  This  is  a  GC,  which  has  been  customized  with  a  stream 
selector  and  sampling  ports  such  that  fluids  from  extraction  wells  and  other  monitoring  points  can 
be  directly  injected  onto  the  GC  column.  Surfactant  injectate  can  also  be  directly  plumbed  into  an 
on-line  GC  for  the  analysis  of  cosolvent  concentrations  (or  contaminant  concentrations  in  the  case 
of  recycled  surfactant).  Surfactant  fouling  of  the  packed  GC  column  is  avoided  through  the  use  of 
a  GC  precolumn  that  is  periodically  replaced.  These  can  be  purchased  for  certain  GC  models  or  can 
be  “handmade”  using  stainless  steel  tubing  filled  with  deactivated  glass.  The  use  of  an  on-line  GC 
not  only  significantly  reduces  analytical  costs,  but  also  reduces  the  error  involved  in  sample 
collection  and  transport.  Einally,  where  applicable,  mobility  control  measures  were  incorporated 
into  the  SEAR  design;  this  is  discussed  further  below. 

Unlike  an  aboveground  treatment  system,  where  scaling  up  involves  increasing  the  size  of  the 
equipment  to  handle  larger  volumes  of  feed,  an  in  situ  treatment  system  must  be  scaled  up  by  taking 
into  account  the  subsurface  characteristics  of  the  aquifer  region  being  treated.  The  area  to  be  treated 
is  an  irregular  oval  about  95  ft  (29  m)  long  and  35  ft  (10.7  m)  wide  with  an  area  of  approximately 
2,500  fh  (232  m^).  The  well  arrangement  to  cover  this  area  (Eigure  4.1)  was  developed  using  the 
same  well  configuration  (i.e.,  pattern  and  spacing)  that  was  applied  in  the  demonstration;  this 


The  112  refers  to  a  single  tail  length  with  12  earbons,  whereas  145  refers  to  a  tail  length  that  is  a  mixture  of 
14  and  15  earbons. 
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Figure  4.1.  Proposed  Well  Arrangement  for  Full-Scale  SEAR  Remediation  (Low  Permeability  Condition). 


involved  14  injection  wells,  24  extraction  wells,  8  hydraulic  control  wells,  and  7  monitoring  points. 
The  full-scale  cost  estimate  is  based  on  the  results  of  the  ESTCP  demonstration,  but  includes  costs 
for  all  activities  needed  to  remediate  the  site,  including  the  assumption  that  no  DNAPL-related  work 
has  been  done  at  the  site.  Thus,  the  full-scale  estimate  includes  DNAPL  source  zone 
characterization,  limited  free-phase  DNAPL  recovery,  performance  assessment,  surfactant  selection, 
and  a  pilot  SEAR  test.  It  also  includes  the  cost  of  wastewater  treatment  with  the  assumption  that 
there  is  no  preexisting  wastewater  treatment  plant  at  the  site. 

The  higher  permeability  scenario  uses  fewer  wells,  with  a  greater  interwell  distance  between 
injection  and  extraction  wells  (55  ft  compared  to  15  ft  for  the  lower  permeability  scenario);  with  this 
geometry,  the  remediated  area  is  slightly  larger,  at  3,333  ft^.  In  total  there  are  3  injection  wells,  6 
extraction  wells  and  2  hydraulic  control  wells  and  8  monitoring  points  (Eigure  4.2).  The  wastewater 
treatment  processes  are  scaled  to  accommodate  a  higher  extraction  rate  of  18  gpm,  compared  to  the 
6  gpm  extraction  rate  for  the  low  permeability  system.  All  other  system  components  are  identical 
to  those  used  in  the  low  permeability  estimate.  Another  important  design  feature  is  that  the  high 
permeability  SEAR  employs  polymer  for  mobility  control,  which  considerably  reduces  the  surfactant 
requirement.  The  addition  of  approximately  500  mg/L  xanthan  gum  polymer  to  the  surfactant 
formulation  to  form  an  injectate  of  increased  viscosity  is  the  typical  use  of  polymer  for  mobility 
control  and  was  the  design  basis  for  the  high-k  mobility  control  floods.  This  option  is  not  available 
for  the  low  permeability  scenario  because  of  the  limited  range  of  available  hydraulic  gradients  in 
a  shallow  aquifer  to  drive  the  viscous  polymer  solution  through  the  low  permeability  formation. 

At  sites  where  abundant  free-phase  DNAPL  is  present  in  pools  or  pockets,  a  properly  designed  water 
flood  will  mobilize  and  recover  significant  volumes  of  DNAPL.  The  effectiveness  of  water  flooding 
to  remove  free-phase  DNAPL  is  a  function  of  both  the  permeability  in  the  DNAPL  zone  and  the 
viscosity  of  the  DNAPL.  If  the  permeability  and  viscosity  are  suited  to  free-phase  recovery  via 
water  flooding,  then  SEAR  should  be  preceded  by  a  water  flood  to  remove  any  easily  recoverable 
mobile  DNAPL.  The  surfactant  flood  is  then  initiated  to  remove  DNAPL  that  is  trapped  in  pores 
after  any  mobile  DNAPL  is  flushed  out  by  water  flooding.  During  the  ESTCP  demonstration,  a 
dedicated  free-phase  DNAPL  recovery  effort  lasting  55  days  was  attempted  and  was  relatively 
unsuccessful  in  recovering  significant  quantities  of  DNAPL  due  to  the  low  permeabilities  at  Site  88. 
Therefore,  a  limited  DNAPL  recovery  effort  is  recommended  for  future  SEAR  operations  at  Site  88. 
In  the  full-scale  cost  estimates,  it  was  assumed  that  a  limited  free-phase  DNAPL  recovery  effort  by 
water  flooding  could  be  conducted  in  tandem  with  conservative  interwell  tracer  test  (CITT) 
operations;  furthermore,  water  flooding  operations  to  be  conducted  during  the  CITT  were  extended 
by  approximately  one  pore  volume  to  accommodate  this  effort. 

The  pilot  SEAR  test  that  is  included  in  all  full-scale  cost  estimates  assumes  the  use  of  one  injection 
well,  two  extraction  wells  and  two  hydraulic  control  wells.  The  interwell  spacing  between  the 
injection  and  extraction  wells  is  half  the  distance  used  in  the  full-scale  SEAR  application.  The 
flooding  durations  are  also  shortened  in  comparison  to  the  full-scale  flood:  one  pore  volume  of 
surfactant  flooding  is  followed  by  three  pore  volumes  of  postsurfactant  water  flooding  (compare  to 
values  for  the  full-scale  SEAR  in  Table  4.3). 
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Figure  4.2.  Proposed  Well  Arrangement  for  Full-Scale  SEAR  Remediation  (High  Permeability  Condition,  One  Panel). 


Table  4,3.  Required  Phases  and  Durations  for  Full-Scale  SEAR  Application  under  Low 
Permeability  (k)  or  High  Permeability  (k)  Conditions  at  a  Site  Similar  to  Site 
88,  MCB  Camp  Lejeune, 


CITT  and  NAPL 
Recovery 
Duration*”** 
(PV/Total  Days) 

Initial  Water 
Flood  Duration 
(PV/Total  Days) 

Surfactant  Flood 
Duration 
(PV/Total  Days) 

Final  Water 
Flood  Duration 
(PV/Total  Days) 

Low  k 

3  PV  (20  days) 

1  PV  (7  days) 

5  PV  (58  days) 

8  PV  (62  days) 

High  k(b) 

3  PV  (9  days) 

1  PV  (4  days) 

2  PV  (8  days) 

3  PV(12  days) 

(a)  These  are  required  pre-SEAR  design  and  site  preparation  activities. 

(b)  The  SEAR  design  for  the  high-k  scenarios  include  mobility  control  measures. 


Using  either  the  2,500  or  3,333  ft^,  which  represents  the  low-  or  high-k  treatment  areas,  respectively, 
for  the  entire  DNAPL  contamination  at  Site  88,  as  the  basic  remediation  unit,  scaled-up  cost 
estimates  were  obtained  for  a  hypothetical  cleanup  of  a  0.5-  and  1.0-acre  DNAPL  source  zone.  The 
costs  for  the  low  and  high  permeability  scenarios  at  each  of  the  three  scales  (i.e.,  three  high-k  and 
three  low-k  conceptual  field  scales)  are  summarized  in  Section  4.2.2,  and  further  details  of  these  cost 
estimates  are  included  in  Appendix  B.  The  phases  required  to  implement  full-scale  SEAR 
remediation  at  Site  88,  MCB  Camp  Lejeune,  are  summarized  in  Table  4.3  for  both  the  low 
permeability  and  high  permeability  surfactant  floods.  Note  that  for  each,  the  number  of  pore 
volumes  flooded  is  identical;  however  the  overall  duration  of  the  high  permeability  surfactant  flood 
is  shorter  due  to  the  higher  achievable  flowrates  and  the  use  of  mobility  control.  The  use  of  PITTs 
for  DNAPL  source  zone  characterization  and  performance  assessment  was  considered  optional  and 
therefore  not  included  in  the  design  of  the  full-scale  SEAR  for  which  costs  were  developed;  details 
of  the  required  test  durations  are  presented  in  Table  4.4.  Note  that  these  durations  are  based  upon 
the  Camp  Lejeune  PITTs,  which  resulted  in  an  underestimate  of  the  DNAPL  volume  due  to  low 
tracer  recoveries  from  the  low-permeability  basal  silt  layer.  To  obtain  a  more  accurate  DNAPL 
volume  estimate,  mobility  control  measures  may  be  required  to  force  tracers  through  the  lower 
permeability  zones.  It  should  be  noted  that  at  the  larger  0.5-  and  1 .0-acre  scales,  the  application  of 
PITTs  at  the  scale  of  the  entire  DNAPL  treatment  zone  becomes  cost  prohibitive;  however,  they  may 
be  conducted  for  a  subsection  of  the  entire  plot  to  obtain  valuable  remedial  design  information  (e.g., 
DNAPL  saturation  and  volume  as  measured  within  a  significant  volume  of  the  aquifer).  Thus  Table 
4.4  is  still  applicable  at  these  larger  scales.  PITT  costs  are  discussed  in  Section  4.2.2. 


Table  4,4,  Optional  Phases  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Site  88, 
MCB  Camp  Lejeune, 


Pre-SEAR  PITT  Duration 
(PV/Total  Days) 

Post-SEAR  PITT  Duration 
(PV/Total  Days) 

Low  k 

7.5  PV  (46  days) 

7.0  PV  (40  days) 

High  k 

7.5  PV  (22.5  days) 

7.0  PV  (21  days) 
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The  full-scale  remediation  assumes  conventional  wastewater  treatment  by  air  stripping  to  remove 
PCE  from  the  extracted  groundwater,  followed  by  biological  treatment  of  the  air  stripper  bottoms 
to  remove  oxygen  demand  caused  by  the  alcohol  and  surfactant.  Volatile  contaminants  in  the 
off-gas  from  the  air  stripper  are  burned  in  a  catalytic  oxidation  unit,  which  are  followed  by  a  caustic 
scrubber  to  remove  acidic  gases  formed  by  the  combustion  of  chlorinated  hydrocarbons.  Inorganic 
salts  are  assumed  to  be  within  the  total  dissolved  solids  limits  for  disposal.  This  treatment  train  is 
an  accepted  approach  for  using  mature  commercial  technologies  to  treat  groundwater  extracted 
during  SEAR  (Eowe  et  al.,  1999a).  It  is  a  conservative  design  based  on  the  assumption  that  there 
is  no  on-site  facility  available  for  wastewater  treatment,  and  that  air  stripper  emissions  are  regulated. 
The  equipment  concept  for  the  full-scale  system  is  shown  in  Eigure  4.3. 

Additionally,  for  each  scale  of  application,  and  for  both  high  and  low  permeability  conditions,  costs 
were  developed  for  surfactant  recovery  treatment  to  evaluate  potential  cost  savings  associated  with 
material  reuse.  It  was  again  assumed  that  no  existing  wastewater  treatment  facilities  exist  to  handle 
any  primary  or  secondary  wastestreams  produced  during  SEAR  operations.  Therefore  the  design 
of  the  surfactant  recovery  treatment  system  does  not  replace  the  conventional  wastewater  treatment 
system,  but  rather  includes  it  for  processing  secondary  wastestream  surfactant  recovery  operations. 
The  only  exception  is  that  the  air  stripper  off-gas  treatment  system  is  no  longer  necessary  when 
surfactant  recovery  equipment  is  added.  Details  of  the  surfactant  recovery  treatment  train  are 
provided  with  the  surfactant  recovery  costs  presented  in  Section  4. 2.2.2. 

Einally,  although  the  underlying  assumption  for  each  cost  estimate  is  that  SEAR  performance  will 
be  comparable  to  what  has  already  been  demonstrated,  it  is  almost  certain  that  future  SEAR 
applications  would  result  in  improved  technology  performance.  This  is  especially  true  in  the  high 
permeability  case,  where  mobility  control  using  polymer  in  the  SEAR  design  has  the  ability  to 
overcome  aquifer  heterogeneities. 

4,2,2  Cost  Projections  for  Full-Scale  Applications 

In  this  section,  costs  associated  with  the  six  conceptual  full-scale  estimates  (see  Appendix  B  for  cost 
details)  discussed  in  Section  4.2.1  are  provided.  Detailed  cost  estimates  assuming  conventional 
wastewater  treatment  are  presented  in  Section  4.2.2. 1 .  The  additional  treatment  costs  and  material 
savings  available  by  applying  with  surfactant  recovery  are  presented  in  Section  4. 2.2. 2.  Costs  for 
the  optional  PITTs  are  presented  in  Section  4.2. 2. 3. 

4,2,2, 1  Conventional  Wastewater  Treatment 

The  costs  for  a  full-scale  SEAR  system  to  remediate  the  entire  DNAPE  zone  as  well  as  at  the  larger 
hypothetical  scales  of  0.5  and  1.0  acre  at  Site  88,  MCB  Camp  Eejeune,  are  summarized  in  Table  4.5. 
The  costs  were  estimated  using  design  and  performance  data  determined  by  the  SEAR 
demonstration  for  well  spacing;  injection,  extraction,  and  hydraulic  control  well  flowrates;  solution 
compositions;  and  labor  requirements.  These  data  were  used  to  determine  the  size  of  field 
equipment  needed  to  conduct  the  full-scale  surfactant  flood.  The  cost  estimating  approach  involves 
a  comprehensive  analysis  of  the  full  range  of  preconstruction  activities,  construction,  operation  and 
maintenance,  and  performance  assessment.  Costs  for  the  equipment  were  determined  from 
published  unit  price  data  (Talisman  Partners  and  R.S.  Means,  2000).  The  costs  reflect  conventional 
wastewater  treatment  by  gravity  separation,  then  air  stripping  followed  by  biological  treatment  of 
the  unstripped  organic  contaminants  (surfactant/IPA)  and  off-gas  treatment  of  the  VOCs.  Eor  a  site 
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Figure  4.3.  Conceptual  Diagram  of  Full-Scale  SEAR  Using  Conventional  Wastewater  Treatment 


with  wastewater  treatment  faeilities,  the  eonventional  wastewater  treatment  eosts  refleeted  in  WBS 
Elements  4.26.30,  4.26.04,  4.34.05,  4.34.12  and  4.22.09  may  be  redueed  or  eliminated.  Beeause  the 
proposed  remediation  seheme  involves  SEAR  treatment  of  a  single  panel  at  a  time,  it  may  be 
observed  that  the  eapital  equipment  eosts  for  the  wastewater  treatment  system  do  not  inerease  with 
seale. 

The  high  permeability  SEAR  sealed-up  eosts,  presented  again  for  the  entire  DNAPE  souree  zone 
at  Site  88,  as  well  as  at  the  larger  0.5-  and  1.0-aere  seales,  ean  be  viewed  in  Table  4.6.  The  high 
permeability  SEAR  design  has  a  larger  well  spaeing  and  therefore  fewer  wells,  and  results  in  a 
treatment  area  that  is  one-third  larger  than  the  2,500-ft^  footprint  of  the  low  permeability  SEAR. 
The  well  spaeing,  flowrates  and  numbers  of  days  per  pore  volume  were  adapted  from  a  reeently 
eompleted  surfaetant  flood  at  Hill  AFB  operable  unit  2  (OU2).  The  larger  treatment  volume  at  the 
smallest  seale  (one  panel)  should  be  eonsidered  in  the  eomparison  between  the  high-k  and  low-k 
SEAR  eosts  at  this  seale;  however,  the  one-panel  high-k  SEAR  eosts  are  still  eonsiderably  lower 
than  the  one-panel  low-k  SEAR  eosts.  The  areal  differenee  is  aeeounted  for  at  the  larger  seales  by 
using  a  different  number  of  treatment  panels.  Otherwise,  the  eost  estimates  use  the  same  eost  model 
and  unit  priees  to  ensure  that  the  two  estimates  are  direetly  eomparable.  Table  4.7  shows  the  eost 
of  eonventional  wastewater  treatment  for  both  the  low-k  and  high-k  systems  at  eaeh  full-seale 
eondition,  as  well  as  a  pereentage  of  the  total  projeet  eosts. 

There  is  a  signifieant  deerease  in  SEAR  eosts  when  eondueted  at  the  0.5-  and  1.0-aere  seales.  The 
eost  of  the  one -panel  “unit”  is  redueed  by  almost  50%  for  the  low-k  system  when  implementing  at 
the  1.0-aere  seale.  Similarly,  the  high-k  system  unit  eost  is  redueed  by  >  50%  for  a  0.5-aore 
applieation  and  by  >60%  for  a  1 .0-aere  applieation.  The  primary  eost  savings  are  due  to  the  fixed 
design  and  eonstruetion  eosts  with  seale-up.  Another  eost  benefit  is  the  deerease  in  unit  surfaetant 
eosts  by  33%  at  the  0.5-  and  1.0-aere  seales  beeause  of  the  greater  quantities  purehased. 
Furthermore,  it  ean  be  observed  that  there  is  a  relative  deerease  in  performanee  assessment  eosts  at 
the  0.5-  and  1.0-aere  seales;  this  results  from  the  assumption  that  it  would  be  infeasible  to  engage 
in  the  same  magnitude  of  intensive  soil  sampling  at  these  seales  for  statistieally  aeeurate 
performanee  assessment.  Still,  the  number  of  performanee  assessment  borings  seleeted  at  these 
larger  seales,  i.e.,  160  and  320  borings  for  the  0.5-  and  1.0-aere  eost  estimates  respeetively,  is 
probably  ample  by  eomparison  to  the  industry  “standard”. 

In  eomparing  Tables  4.5  and  4.6,  it  ean  be  seen  that  permeability  has  a  substantial  infiuenee  on  the 
SEAR  eost.  The  low-k  full-seale  SEAR  eosts  range  from  approximately  150%  to  300%  higher  than 
the  high-k  full-seale  SEAR  eosts  depending  on  the  seale  of  applieation.  This  is  primarily  refleeted 
by  higher  eosts  in  the  following  eategories:  CITT/free-phase  reeovery  (preoonstruetion),  well  and 
pump  installation  (eonstruetion),  labor,  and  ehemieals  (O&M).  The  higher  preeonstruetion  eosts 
and  SEAR  labor  eosts  are  due  to  the  extended  flooding  durations  required  of  working  in  a  shallow 
low  permeability  system.  The  higher  eonstruetion  eosts  ean  be  attributed  to  the  signifieant  well  and 
pump  requirements  for  the  low-k  SEAR  relative  to  the  high-k  SEAR  -  inereased  well  requirements 
ean  be  observed  by  eomparing  Figures  4.1  and  4.2.  The  higher  ehemieal  eosts  are  due  to  the  high 
permeability  eontrast  and  limitations  to  applying  mobility  eontrol  measures  at  this  site.  The 
ehemieal  eost  savings  with  mobility  eontrol  ean  be  estimated  by  eomparing  the  ehemieal  eosts  of 
the  low-k  SEAR  applieation  (without  mobility  eontrol)  to  the  ehemieal  eosts  of  the  high-k  SEAR 
applieation  (with  mobility  eontrol)  at  the  0.5-  and  1.0-aere  seales.  This  reveals  a  59%  reduetion  in 
ehemieal  eosts  with  mobility  eontrol,  whieh  is  signifieant.  Additionally,  although  the  exaet  eost 
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Table  4,5.  Projected  Cost  of  a  Full-Scale  SEAR  System  for  a  Site  Similar  to  Site  88,  MCB  Camp  Lejeune, 


WBS  Element 

Item 

Item  Cost  ($) 
for  2,500  ft^ 

(I  panel) 

Item  Cost  ($) 
for  0.5  acre 
(8  panels) 

Item  Cost  ($) 
for  I.O  acre 
(16  panels) 

Preconstruction  Cost 

4.07,  4.08,  and  4.09 

DNAPL  source  zone  characterization 

47,400 

155,500 

277,600 

4.04 

Surfactant  selection 

25,000 

25,000 

25,000 

4.04 

Bench-scale  treatment  equipment  testing 

25,000 

25,000 

25,000 

4.04 

Preliminary  field  testing*^* 

51,100 

50,000 

50,000 

4.04 

CITT/free-phase  recovery 

79,800 

638,700 

1,277,400 

4.04 

Engineering  design  and  modeling 

69,200 

263,000 

380,600 

Subtotal 

297,500 

1,157,200 

2,035,600 

Construction  Cost 

4.05 

Site  preparation 

18,500 

18,500 

18,500 

4.26.30 

DNAPL  decanting  tank  system  installation 

10,400 

10,400 

10,400 

4.26.04 

Air  stripping  system 

57,500 

57,500 

57,500 

4.34.05  and  4.34.12 

Off-gas  treatment  system 

89,700 

89,700 

89,700 

4.22.09 

Air  stripper  bottoms  biotreatment  system 

72,600 

72,600 

72,600 

4.23.05 

Well  and  pump  installation 

168,700 

1,349,700 

2,699,400 

4.23.05 

Aboveground  piping  installation 

49,200 

49,200 

49,200 

4.23.05 

Chemical  addition  system  installation 

20,600 

20,600 

20,600 

4.33 

Disposal  of  drill  cuttings 

1,900 

15,400 

30,700 

4.05 

Site  restoration 

3,000 

23,800 

47,500 

Indirect  Capital(b) 

147,600 

512,200 

928,900 

Subtotal 

639,700 

2,219,600 

4,025,000 

Operations  and  Maintenance  Cost 

5.23.05 

Chemical  cost 

245,300 

1,401,700 

2,803,300 

5.23.05 

Labor  cost 

169,500 

1,355,600 

2,711,200 

5.07,  5.08,  and  5.09 

Analysis  cost 

71,200 

328,400 

622,300 

5.23.05 

Utilities/miscellaneous  cost 

16,100 

128,600 

257,200 

Subtotal 

502,100 

3,214,300 

6,394,000 

Performance  Assessment  Cost 

Performance  assessment 

103,700 

177,300 

324,700 

Full-Scale  SEAR  System  Total  Cost 

1,543,000 

6,768,400 

12,779,300 

(a)  This  assumes  that  no  previous  pilot  testing  of  SEAR,  such  as  the  completed  ESTCP  demonstration,  has  been  conducted  at  the  site. 

(b)  Field  supervision,  quality  assurance,  health  and  safety  support,  overhead  and  administrative,  and  contingency. 


Table  4,6.  Projected  Cost  of  a  Full-Scale  SEAR  System  for  a  High  Permeability  Site  with  All  Other  Parameters  Similar  to  Site 
88,  MCB  Camp  Lejeune. 


WBS  Element 

Item 

Item  Cost  ($) 
for  3,333  ft' 

(I  panel) 

Item  Cost  ($) 
for  0.5  acre 
(6  panels) 

Item  Cost  ($) 
for  I.O  acre 
(12  panels) 

Preconstruction  Cost 

4.07,  4.08,  and  4.09 

DNAPL  source  zone  characterization 

47,400 

155,500 

277,600 

4.04 

Surfactant  selection 

25,000 

25,000 

25,000 

4.04 

Bench-scale  treatment  equipment  testing 

25,000 

25,000 

25,000 

"4704 

Preliminary  field  testing  (a,c) 

42,000 

40,900 

40,900 

4.04 

CITT/free-phase  recovery 

28,800 

173,000 

346,000 

4.04 

Engineering  design  and  modeling 

69,200 

207,600 

297,600 

Subtotal 

237,400 

627,000 

1,012,100 

Construction  Cost 

4.05 

Site  preparation 

18,500 

18,500 

18,500 

4.26.30 

DNAPL  decanting  tank  system  installation 

10,400 

10,400 

10,400 

4.26.04 

Air  stripping  system 

67,900 

67,900 

67,900 

4.34.05  and  4.34.12 

Off-gas  treatment  system 

89,700 

89,700 

89,700 

4.22.09 

Air  stripper  bottoms  biotreatment  system 

97,100 

97,100 

97,100 

4.23.05 

Well  and  pump  installation 

50,400 

302,600 

605,100 

4.23.05 

Aboveground  piping  installation 

22,400 

22,400 

22,400 

4.23.05 

Chemical  addition  system  installation 

20,600 

20,600 

20,600 

4.33 

Disposal  of  drill  cuttings 

700 

4,100 

8,300 

4.05 

Site  restoration 

800 

4,600 

9,200 

Indirect  capital  cost(b) 

113,600 

191,400 

284,800 

Subtotal 

492,100 

829,300 

1,234,000 

Operations  and  Maintenance  Cost'"* 

5.23.05 

Chemical  cost 

135,700 

589,900 

1,179,800 

5.23.05 

Labor  cost 

31,800 

190,600 

381,200 

5.07,  5.08,  and  5.09 

Analysis  cost 

30,800 

110,200 

188,900 

5.23.05 

Utilities/miscellaneous  cost 

11,200 

67,400 

134,800 

Subtotal 

209,500 

958,100 

1,884,700 

Performance  Assessment  Cost 

Performance  assessment 

103,700 

177,300 

324,700 

1  Full-Scale  SEAR  Svstem  Total  Cost 

1.042.700 

2.591.700 

4.455.500 

(a)  This  assumes  that  no  previous  pilot-testing  of  SEAR,  such  as  the  completed  ESTCP  demonstration,  has  been  conducted  at  the  site. 

(b)  Field  supervision,  quality  assurance,  health  and  safety  support,  overhead  and  administrative,  and  contingency. 

(c)  These  costs  assume  the  use  of  polymer  for  mobility  control 


Table  4,7. 


Cost  of  Conventional  Wastewater  Treatment  for  Full-Scale  DNAPL 
Remediation  at  a  Site  with  Parameters  Similar  to  Site  88,  MCB  Camp  Lejeune, 


Permeability 

Conventional  Wastewater  Treatm 
in  $$  and  Percent  of  the  Total  Pro, 

ent  Costs 
ect  Costs 

1  panel 

0.5  acre 

1.0  acre 

Low  k 

$  394,500  (26%) 

$  879,300  (13%) 

$  1,433,500  (11%) 

$  392,200  (38%) 

$456,100(18%) 

$  632,200  (14%) 

savings  are  not  obtainable  from  the  information  provided  in  Tables  4.5  and  4.6,  Table  4.8  shows  that 
under  high-k  eonditions,  the  use  of  mobility  eontrol  outs  the  required  field  time  by  almost  50%.  Due 
to  these  eoonomio  benefits,  and  the  neoessity  to  improve  performanoe  with  respeot  to  the  negative 
influenoe  of  heterogeneities,  it  is  reoommended  that  mobility  eontrol  be  inoorporated  into  future 
SEAR  designs. 

Table  4,8.  Comparison  of  Flooding  Durations  for  Full-Scale  SEAR  Application  under  Low 
Permeability  or  High  Permeability  Conditions  at  a  Site  Similar  to  Site  88,  MCB 
Camp  Lejeune, 


Initial  Water 
Flood  Duration 
(PV/Total  Days) 

Surfactant  Flood 
Duration 
(PV/Total  Days) 

Final  Water 
Flood  Duration 
(PV/Total  Days) 

Total  SEAR 
Duration 
(Total  Days) 

Low  k 

1  PV  (7  days) 

5  PV  (58  days) 

8  PV  (62  days) 

127  days 

High  k 

1  PV  (3  days) 

5  PV  (15  days) 

8  PV  (24  days) 

42  days 

High  k  w/mobility 
control*''* 

1  PV  (4  days) 

2  PV  (8  days) 

3  PV(12  days) 

24  days 

(a)  The  high  k  mobility  control  design  assumes  equivalent  if  not  superior  performance  to  the  high  k  system  that  does  not  use 
mobility  control 


4.2,2.2  Surfactant  Recovery  and  Reuse 

In  addition  to  the  conventional  wastewater  treatment,  SEAR  effluent  treatment  for  the  recovery  of 
surfactant  was  evaluated  to  determine  the  cost  benefit  available  by  recovering  and  reusing 
surfactants.  This  was  conducted  for  both  the  low  and  high  permeability  scenarios  and  for  all  three 
full-scale  applications,  i.e.,  approximately  3,000  ffi,  0.5  acre,  and  1.0  acre.  The  treatment  train  used 
for  developing  surfactant  recovery  costs  includes  nearly  all  of  the  same  equipment  used  in  the 
conventional  wastewater  treatment  as  well  as  additional  processes  to  recover  surfactant  (Figure  4.4). 
This  design  was  necessary  because  during  surfactant  recovery  operations,  the  LIE  process 
wastestream  (UF  permeate)  contains  PCE,  alcohol,  and  surfactant  at  concentrations,  which  might 
not  be  acceptable  for  direct  discharge.  In  addition,  the  LIE  system  will  only  be  operated  when 
surfactant  concentrations  are  high  enough  to  permit  efficient  surfactant  recovery.  During  the  other 
periods,  the  SEAR  effluent  will  contain  surfactant  at  concentrations,  which  may  also  necessitate 
treatment.  At  the  same  time,  it  is  not  desirable  to  return  the  LIE  wastestream  to  the  head  of  the 
surfactant  recovery  process  treatment  train  for  further  contaminant  removal  as  it  would  result  in  a 
dilution  of  the  surfactant  that  is  being  concentrated  downstream. 
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Figure  4.4.  Conceptual  Diagram  of  Full-Scale  SEAR  System  with  Surfactant  Recovery 


The  basic  premise  of  the  surfactant  recovery  design  is  that  for  remediations  larger  than  one  panel, 
the  recovered  surfactant  for  the  remediation  of  a  given  panel  will  be  applied  to  the  injection  of  the 
next  (with  the  exception  of  the  last  panel).  For  a  single  panel  remediation,  surfactant  that  is 
recovered  is  reinjected  as  part  of  the  overall  surfactant  requirement  for  that  panel,  as  done  at  Camp 
Lejeune.  Once  again,  it  was  assumed  that  there  are  no  existing  on-site  wastewater  treatment 
facilities  to  handle  any  primary  or  secondary  wastestreams  produced  during  SEAR  operations. 
Therefore  the  design  of  the  surfactant  recovery  treatment  system  presented  herein  includes  the 
previously  discussed  conventional  wastewater  treatment  system  for  processing  secondary 
wastestreams  generated  during  surfactant  recovery  operations.  The  only  difference  is  that  the  air 
stripper  off-gas  treatment  system  from  a  conventional  system  is  no  longer  necessary  when  surfactant 
recovery  equipment  is  added. 

In  designing  the  surfactant  recovery  system,  lease  costs  were  assumed  for  remediations  lasting  six 
months  or  less,  while  newly  purchased  equipment  costs  were  assumed  for  longer-term  remediations. 
Three  options  were  evaluated  for  separating  contaminant  from  surfactant:  air  stripping  without 
antifoam  addition  (with  off-gas  treatment),  liquid-liquid  extraction  by  a  macroporous  polymer 
process  commercially  available  from  Akzo  Nobel,  and  pervaporation.  Both  air  stripping  without 
antifoam  addition  and  the  macroporous  polymer  extraction  (MPPE)  system  have  been  field  tested 
by  Surbec-Art  Environmental  for  decontaminating  SEAR  wastestreams  during  a  surfactant  flooding 
operation;  therefore,  the  assistance  of  Surbec-Art  Environmental  was  retained  for  generating  the 
costs  for  applying  these  processes.  Separate  estimates  for  the  MPPE  system  were  obtained  directly 
from  Akzo  Nobel.  In  comparing  the  treatment  capabilities  of  the  three  contaminant  removal  options, 
MPPE  is  probably  the  most  robust  alternative  as  it  can  be  applied  to  most  hydrophobic 
contaminants,  both  volatile  and  nonvolatile,  while  both  air  stripping  and  pervaporation  are  limited 
to  removing  volatile  contaminants.  Although  air  stripping  without  antifoam  addition  has  been 
included  as  a  contaminant  removal  alternative  in  this  cost  analysis,  it  should  be  noted  that  great  care 
must  be  taken  in  designing  and  operating  such  a  system.  Improper  design  and  operation  of  an  air 
stripper  without  antifoam  addition  for  treatment  of  surfactant  solutions  can  easily  lead  to  flooding 
of  the  column  with  foam.  Even  if  foaming  is  avoided,  contaminant  removal  efficiency  will  be 
greatly  reduced  due  to  the  attraction  of  the  contaminant  for  the  surfactant  micelles.  Although 
antifoam  addition  would  greatly  reduce  the  tendency  to  foam,  such  additives  would  likely  make 
reinjection  of  the  subsequently  recovered  surfactant  impossible  for  technical  and/or  regulatory 
reasons.  MEUE  was  the  only  process  examined  for  concentrating  the  surfactant  following 
contaminant  removal.  Unlike  the  Camp  Eejeune  demonstration,  which  used  a  multiple-pass 
operation  of  MEUE  to  accomplish  the  target  surfactant  concentrations,  the  MEUE  system  in  the 
surfactant  recovery  cost  estimates  was  designed  for  single  pass  operation  to  minimize  capital  costs. 
This  will  require  greater  adjustments  to  operating  parameters  than  a  multiple-pass  system  that  is  less 
sensitive  to  changes  in  the  influent  surfactant  concentrations. 

It  was  assumed  that  superconcentration  of  calcium  would  be  addressed  by  adding  fresh  surfactant. 
Eor  a  one-panel  remediation,  it  is  assumed  that  30%  of  the  total  surfactant  requirements  will  be 
supplied  by  recycled  surfactant  and  the  rest  will  be  supplied  by  fresh  surfactant;  this  allows  for  a 
greater  than  one-third  dilution  factor  for  the  recycled  surfactant  to  adjust  calcium  concentrations. 
Eor  a  multiple-panel  remediation,  with  the  exception  of  the  final  panel,  it  was  assumed  that  all  of 
the  surfactant  recovered  from  the  preceding  panel,  or  60%  of  the  total  surfactant  injected,  would  be 
applied  to  the  remediation  of  that  panel.  Eor  the  final  panel  of  a  multiple-panel  remediation,  there 
is  no  reuse  value  of  recovered  surfactant  due  to  the  need  to  dilute  recycled  surfactant  with  fresh 
surfactant;  therefore,  no  surfactant  recovery  is  needed.  Surfactant  recovery  operations  require 
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additional  tankage  to  store  reeyeled  surfaetant,  and  additional  laboratory  analyses  to  measure 
surfaetant,  eosolvent,  eontaminant  and  eleetrolyte  eoneentrations  before  reeonstitution  of  the 
surfaetant  formulation  with  fresh  surfaetant  and  other  makeup  ehemieals  (beeause  only  surfaetant 
is  reeovered  in  the  proeess).  This  has  a  greater  impaet  on  the  low-k  surfaetant  reeovery  eosts  due 
to  the  higher  surfaetant  requirements  leading  to  higher  volumes  of  surfaetant  being  reeovered. 
Finally,  there  is  additional  labor  required  to  handle  the  reeyeled  surfaetant  batehes  and  to  eolleet 
analytieal  samples,  as  well  as  to  determine  the  appropriate  adjustments  of  ehemieals  neeessary  to 
amend  the  reeyeled  surfaetant  solution. 

Other  eriteria  used  in  developing  the  surfaetant  reeovery  eost  estimates  are  provided  in  Table  4.9. 
Additional  diseussion  of  these  eriteria  ean  be  found  in  Appendix  C.  For  the  low-k  seenarios,  the 
three  eontaminant  removal  proeesses  evaluated  yielded  similar  eosts;  therefore,  air  stripping  eosts 
were  used.  For  the  high-k  seenarios,  the  MPPE  system  was  the  most  eost-effeetive  alternative. 
Surfaetant  reeovery  system  eosts  and  savings  are  presented  in  Table  4.10.  The  surfaetant  reeovery 
eost  savings  for  the  one-panel  seale  high-k  SEAR  represents  3%  of  the  total  projeet  eost.  At  the  0.5- 
aere  seale  for  the  high-k  seenario,  due  to  the  higher  lease  eosts  relative  to  the  value  of  reeovered 
surfaetant,  the  higher  analytieal  eosts  and  the  higher  tankage  and  pump  eosts,  the  surfaetant  reeovery 
eost  savings  deereases  to  1.3%  of  the  total  projeet  eost.  At  the  1.0-aere  seale,  the  high-k  surfaetant 
reeovery  eost  savings  is  equivalent  to  3.3%  of  the  total  projeet  eost.  Comparable  savings  were  not 
obtained  at  the  one-panel  seale  for  the  low-k  system  due  to  equivalent  lease  eosts  for  a  6  gpm  and 
18  gpm  surfaetant  reeovery  system  and  the  eonsiderably  longer  effluent  treatment  duration.  In  faet, 
for  the  low-k  SEAR,  surfaetant  reeovery  only  shows  a  eost  benefit  at  the  1-aere  seale,  where  the  eost 
savings  represents  1.5%  of  the  total  projeet  eost.  Therefore,  the  longer  field  durations  assoeiated 
with  the  low-k  SEAR,  infiuenees  not  only  the  subsurfaee  treatment  eosts  but  also  surfaetant  reeovery 
eosts.  Eor  either  the  low-k  or  high-k  eonditions,  it  ean  also  be  seen  that  if  air  stripper  off-gas 
treatment  is  not  required  at  a  remediation  site,  the  eost  benefits  of  surfaetant  reeovery  are 
signifieantly  redueed  beeause  the  eredited  eost  shown  in  Table  4.10  is  no  longer  applieable. 
Beeause  the  eeonomies  of  surfaetant  reeyele  is  a  funetion  of  many  site-speeifie  variables,  as  well 
as  the  SEAR  design,  the  potential  benefits  of  surfaetant  reeovery  proeesses  for  future  SEAR  projeets 
should  be  evaluated  on  a  site -by-site  basis. 

Many  variables  impaet  the  system  eosts  and  net  projeet  savings  assoeiated  with  the  implementation 
of  a  surfaetant  reeovery  system  for  SEAR  proeesses.  All  other  faetors  being  equal,  net  projeet 
savings  will  be  greater  for: 

•  Higher-eost  surfaetants 

•  Contaminants  easily  separated  from  surfaetant 

•  Systems  where  surfaetant  reeovery  is  high  (i.e.,  high  UE  reeovery,  high  subsurfaee  eapture 
with  low  soil  sorption,  and  in  situ  biodegradation) 

•  Surfaetants  with  a  low  foaming  potential,  thus  allowing  the  use  of  air  stripping  for 
eontaminant  removal  for  volatile  eontaminants 

•  Eess  stringent  eontaminant  removal  requirements 

•  High  surfaetant  eoneentrations  (as  long  as  eontaminant  removal  effieieney  is  not  impaeted 
signifieantly). 
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Table  4,9.  Criteria  Used  to  Develop  Surfactant  Recovery  Costs. 


Criteria 

Low  k 

High  k 

Surfactant  Injected 

4  wt%  (active)  Alfoterra  I12-3PO 
sulfatea 

4  wt%  (active)  Alfoterra  I12-3PO 
sulfatea 

Cosolvent  Injected 

8  wt%  IPA 

8  wt%  IPA 

Design  flowrate 

6  gpm 

18  gpm 

Contaminant  Removal  Process 

Air  stripping 

MPPE 

Efficiency  of  Contaminant 

Removal  Process*^* 

99% 

99% 

Subsurface  surfactant  recovery 

80% 

80% 

Average  concentration  of 

surfactant  in  the  SEAR  effluent*'’* 

1  wt% 

1  wt% 

Efficiency  of  surfactant  recovery 
by  MEUF 

75% 

75% 

Days  of  Operation 

One  panel:  127  days 

0.5  acre:  889  days 

1.0  acre:  1,905  days 

One  panel:  24  days 

0.5  acre:  120  days 

1.0  acre:  264  days 

Days  of  Surfactant  Recovery 

One  panel:  58  days 

One  panel:  8  days 

0.5  acre:  406  days 

0.5  acre:  40  days 

1.0  acre:  870  days 

1.0  acre:  88  days 

Surfactant  cost 

$4. 50/active  lb  for  one  panel 
$3. 00/active  lb  for  0.5  and  1.0  acre 

Same  as  low  k 

Salvage  factor  for  capital 
equipment 

50% 

50% 

Tankage  requirement  (c) 

One  panel: 

2  -  21,000-gal  steel  tanks 

One  panel: 

1  -  21,000-gal  steel  tank 

0.5  or  1.0  acre: 

7  -  12,000-gal  plastic  tanks 

0.5  or  1.0  acre: 

2  -  21,000-gal  steel  tanks 

Analytical  requirement  (d) 

One  panel: 

30  surfactant  analyses 

25  calcium  analyses 

One  panel: 

15  surfactant  analyses 

12  calcium  analyses 

0.5-  or  1.0-acre  (n-1)  panels: 

55  surfactant  analyses  (includes  5 
quick  turnaround  analyses) 

50  calcium  analyses 

0.5-  or  1.0-acre  (n-1)  panels: 

28  surfactant  analyses  (includes 

3  quick  turnaround  analyses) 

25  calcium  analyses 

Same  as  low  k 

(a)  A  99%  contaminant  removal  requirement  accomplishes  95%  contaminant  removal  prior  to  surfactant  reinjection,  assuming  that 
the  1%  contaminant  remaining  is  concentrated  by  a  factor  of  five  during  MEUF  treatment. 


(b)  This  value  is  calculated  as  follows.  The  rate  of  extraction  is  three  times  the  injection  rate  so  that  the  maximum  surfactant 
concentration  at  the  extraction  wells  is  one-third  of  the  injection  concentration  or  (4/3)=  1 .33  wt%.  Then,  assuming  20% 
surfactant  loss  in  the  subsurface,  the  concentration  of  surfactant  arriving  at  the  extraction  well  is  1  wt%. 

(c)  Each  21,000-gal  tank  requires  two  recirculation  pumps,  and  each  12,000-gal  tank  requires  one  recirculation  pump  (but  due  to 
the  slow  rate  of  injection  for  the  low-k  SEAR  no  more  than  three  pumps  are  needed  in  operation  at  one  time,  so  only  three  are 
purchased). 

(d)  Preamendment  analyses  are  needed  for  each  surfactant  component  and  postamendment  analyses  are  required  for  the 
contaminant.  The  on-line  GC  system  can  address  PCE  and  IPA  analyses;  therefore,  there  is  no  additional  costs  for  these 
components.  Analytical  costs  for  the  one-panel  scale  remediation  or  the  final  panel  of  a  multiple-panel  remediation  are  twice 
as  expensive  due  to  the  quick  turnaround  needed  on  analytical  results,  but  only  half  as  many  analyses  are  required  due  to  the 
smaller  quantity  of  recycled  surfactant  being  reinjected.  Some  quick-turnaround  samples  have  also  been  included  for  monitoring 
surfactant  concentrations  during  MEUF  operations. 
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Table  4.10.  Cost  and  Savings  Estimates  for  Surfactant  Recovery  at  a  Site  with  Parameters 
Similar  to  Site  88,  MCB  Camp  Lejeune. 


Cost  and 
Savings 

Low  k 

High  k 

1  panel 

0.5  acre 

1.0  acre 

1  panel 

0.5  acre 

1.0  acre 

Cost  of 

Recovery 

Technologies 

($259,900) 

($580,600) 

(1,015,600) 

($82,400) 

($252,400) 

($381,900) 

Value  of 

Recovered 

Surfactant 

$63,000 

$588,400 

$1,260,924 

$33,600 

$224,200 

$493,200 

Cost  of 

Additional 
Tankage  and 
Pumps*’’* 

($10,300) 

($66,900) 

($75,700) 

($2,700) 

($10,900) 

($19,000) 

Cost  of 

Additional 

Analyses 

($5,800) 

($46,400) 

($92,800) 

($7,500) 

($17,780) 

($35,660) 

Cost  of 

Additional 

Labor 

($230) 

($1,840) 

($3,680) 

($230) 

($1,840) 

($3,680) 

Credited  Cost*’’* 

$91,300 

$102,800 

$115,900 

$90,200 

$92,400 

$95,100 

Total  Net  Cost 
Savings 

($121,930) 

($4,540) 

$189,044 

$30,970 

$33,680 

$148,060 

(a)  The  21,000?gal  steel  tanks  are  rented  and  the  12,000?gal  plastic  tanks  are  purchased.  All  recirculation  pumps  are  purchased 
and  include  utilities  costs  for  half  the  period  of  surfactant  flooding. 

(b)  This  credits  the  cost  of  the  air  stripper  off-gas  treatment  unit  associated  with  the  conventional  wastewater  treatment  system. 


Because  the  economics  of  surfactant  recycle  is  a  function  of  many  site-specific  variables,  as  well 
as  the  SEAR  design,  the  potential  benefits  of  surfactant  recovery  processes  for  future  SEAR  projects 
should  be  evaluated  on  a  site -by-site  basis. 

4.2.2.3  Discussion  of  PITT  Costs  fOptionall 

Eocating  and  quantifying  the  spatial  extent  of  the  DNAPE  is  difficult  to  achieve  because  of  the 
complex  DNAPE  distributions  caused  by  aquifer  heterogeneities.  The  migration  of  DNAPE  through 
the  subsurface  occurs  due  to  gravity  forces,  and  trapping  in  pores  occurs  due  to  the  effect  of 
capillary  forces  as  a  function  of  grain  size.  In  a  situation  where  there  are  zones  of  higher 
permeability  (i.e.,  sand  interbeds  or  fractures),  the  DNAPE  has  a  higher  propensity  to  infiltrate  and 
possibly  spread  in  these  zones.  These  in  situ  migration  characteristics  cause  the  pattern  of  DNAPE 
distribution  to  be  complex.  Elsing  conventional  methods  (such  as  soil  sampling)  that  only  examine 
a  small  fraction  of  the  in  situ  volume  can  lead  to  significant  inaccuracies  in  the  estimates  of  the 
DNAPE  saturation  and  volume,  and  do  not  provide  information  about  the  DNAPE  distribution 
patterns. 

Application  of  PITTs  is  recommended  by  the  technology  vendors  for  many  sites  because  PITTs  can 
give  much  better  information  about  the  in  situ  DNAPE  conditions  than  can  conventional  sampling. 
Unlike  discrete  soil  sampling,  a  PITT  allows  a  spatially  integrated  examination  of  the  in  situ  volume. 
A  PITT  performed  prior  to  the  SEAR  quantifies  the  total  volume  of  DNAPE  and  provides 
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information  on  the  relative  distribution  of  DNAPL  (i.e.,  identifies  zones  with  higher  or  lower 
DNAPL  saturations.)  This  data  can  then  be  used  to  optimize  the  remedial  design  and  SEAR 
operations.  A  PITT  performed  after  the  SEAR  gives  a  clear  quantification  of  the  effectiveness  of 
the  aquifer  cleanup. 

The  following  site  conditions  may  limit  the  applicability  of  the  PITT  (Eowe  et  ah,  1999b): 

•  Partitioning  of  tracers  to  the  soil  at  sites  with  high  concentrations  of  natural  organic  matter 
complicates  interpretation  of  the  results;  at  these  sites,  laboratory  experiments  are  necessary 
to  quantify  baseline  retardation  of  the  partitioning  tracers. 

•  The  volume  of  free-phase  DNAPE  may  be  underestimated  due  to  mass  transfer  (surface 
area)  limitations  on  partitioning  between  the  pooled  DNAPE  and  the  groundwater. 
However,  the  error  associated  with  the  presence  of  free-phase  DNAPE  can  be  mitigated  by 
implementing  a  well-designed  water  flood  to  mobilize  and  recover  free-phase  DNAPE  prior 
to  the  PITT. 

•  In  a  heterogeneous  aquifer,  PITT  performance  may  be  limited  by  strong  permeability 
contrasts,  which  exacerbate  preferential  flow  of  tracers  through  the  more  permeable  zones. 

Because  performing  a  PITT  before  and  after  the  SEAR  is  optional  and  may  not  be  performed  at  all 
sites,  the  cost  for  the  PITT  was  not  included  in  the  full-scale  cost  estimates  presented  in  Section 
4.2.2. 1.  However,  the  PITT  is  powerful  tool  for  DNAPE  site  characterization  and  is  becoming  a 
more  frequently  used  option,  so  costs  for  the  test  were  estimated  for  the  low  and  high  permeability 
cases  (Table  4.1 1).  The  details  for  these  cost  estimates  are  included  in  Appendix  B. 


Table  4.11.  Projected  Cost  for  PITT. 


Pre-SEAR  PITT  Cost 

Post-Sear  PITT  Cost 

Low  k 

$182,100 

$164,500 

High  k 

$74,900 

$71,200 

4.2.3  Technology  Cost  Comparison 

In  this  section,  the  cost  of  SEAR  treatment  for  DNAPE  removal  is  compared  to  the  cost  of  P&T  for 
DNAPE  source  zone  containment,  as  well  as  two  in  situ  thermal  remediation  methods  for  DNAPE 
removal:  steam  injection  and  resistive  heating.  The  detailed  cost  comparison  report  is  included  in 
Appendix  D.  The  P&T  cost  estimate  was  developed  by  Battelle  Memorial  Institute.  Battelle  also 
assisted  in  contacting  the  thermal  treatment  vendors  and  obtaining  cost  estimates  for  full-scale 
application  of  their  technologies  for  cleanup  of  the  entire  DNAPE  source  zone  (including  the  ESTCP 
demonstration  area)  at  Site  88,  MCB  Camp  Eejeune.  The  basis  of  all  cost  estimates  is  the  remaining 
DNAPE  source  zone  at  Site  88,  which  covers  approximately  2,500  ft^.  The  steam  injection  cost 
estimate  was  based  on  application  of  steam-enhanced  extraction/hydrous  pyrolysis  oxidation 
(SEE/HPO™)  by  Integrated  Water  Resources  (IWR),  Inc.  (Parkinson,  2000).  Steam  injection 
mobilizes  DNAPE  toward  extraction  wells  by  injecting  steam  to  thermally  reduce  surface  tension. 
In  the  hydrous  pyrolysis  variation,  air  is  injected  along  with  the  steam  to  break  down  chlorinated 
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volatile  organic  compounds  (CVOCs).  The  resistive  heating  cost  estimate  was  based  on  application 
of  six-phase  heating  (SPH™)  by  Current  Environmental  Solutions  (CES),  Inc.  (Eleming,  2000). 
SPH™  uses  an  array  of  electrodes  installed  in  the  ground  to  generate  resistive  heating  of  the  soil  and 
groundwater.  The  DNAPE  is  volatilized  to  the  vadose  zone  and  captured  by  means  of  a  vapor 
extraction  system.  In  both  technologies,  the  fluids  recovered  aboveground  require  additional 
treatment  before  they  are  discharged  to  a  sewer.  By  the  very  nature  of  their  application,  both  steam 
injection  and  resistive  heating  will  treat  the  entire  1 1-ft  thickness  of  the  shallow  aquifer,  not  just  the 
bottom  5  ft.  Neither  of  the  two  vendors  contacted  indicated  any  additional  technology-specific 
characterization  requirements  beyond  what  may  have  already  been  done  to  delineate  the 
hydrogeology  and  DNAPE  distribution  in  the  source  region. 

Table  4.12  summarizes  the  total  cost  of  SEAR  and  other  alternative  technologies  considered  for 
remediation  of  the  DNAPE  source  zone  at  Site  88,  MCB  Camp  Eejeune.  All  three  alternatives  (and 
SEAR)  have  been  used  previously  at  various  sites  for  DNAPE  source  remediation;  however,  their 
relative  technical  merits  under  different  site  conditions  may  vary  and  these  performance 
advantages/limitations  have  not  been  considered  in  this  level  of  cost  evaluation.  It  also  is  assumed 
that  SEAR  and  the  alternative  thermal  technologies  will  treat  the  DNAPE  source  zone  to  a  point 
where  natural  attenuation  will  be  able  to  address  any  residual  plume;  this  assumption  does  not  apply 
to  the  P&T  technology  as  it  is  intended  to  achieve  containment  rather  than  remediation.  The 
posttreatment  cost  of  monitored  natural  attenuation  is  not  included  for  any  of  the  technologies.  Eor 
any  of  the  technologies  under  consideration,  costs  of  pre-  and  posttreatment  site  characterization  of 
the  DNAPE  source  have  not  been  included.  It  is  assumed  that  the  site  owners  will  bear  the  cost  of 
pre-  and  posttreatment  characterization,  and  that  technology  vendors  will  be  presented  with  a 
well-characterized  site. 

Table  4,12.  Summary  of  Costs  for  SEAR  and  Alternative  Technologies  for  Full-Scale 
Remediation  of  the  DNAPL  Source  Zone  at  Site  88,  MCB  Camp  Lejeune. 


Cost  Category 

SEAR(a) 

P&T  System*''* 

steam 

Injection*"* 

Resistive 

Heating*"* 

Capital  Investment 

$890,000 

$120,000 

$702,000 

$347,000 

Contaminant 

Disposal  Costs 

$90,000 

$94,000 

O&M  Cost(c) 

$403,000 

$198,000 

Total  (PV)  Cost 

$1,195,000 

$639,000 

(a)  All  costs  rounded  to  the  nearest  thousand.  Postremediation  action  required  to  control  any  residual  plume  is  not  included.  Costs 
of  site  characterization  of  the  DNAPL  source  zone  before  or  after  treatment  is  not  included  for  any  technology. 

(b)  $1,415,000  ($1,385,000  O&M  cost  and  $30,000  contaminant  disposal  cost)  is  the  undiscounted  (rate  of  return  =  0)  PV  of  the 
recurring  and  periodic  O&M  costs  in  today’s  dollars  spread  over  30  years  of  operation.  This  total  includes  $45,000  of  recurring 
annual  operating  and  maintenance  (O&M)  cost  incurred  in  every  year  of  operation,  $13,000  in  periodic  maintenance  costs 
incurred  every  10  years,  and  $13,000  in  periodic  maintenance  costs  incurred  every  20  years. 

(c)  O&M  costs  not  including  contaminant  disposal. 

(d)  $1,535,000  is  the  undiscounted  (rate  of  return  =  0)  PV  cost  over  30  years  of  operation.  This  total  is  the  sum  of  the  initial  capital 
invested  and  the  annual  real  costs  over  30  years.  If  P&T  were  to  be  continued  for  100  years,  the  total  undiscounted  PV  cost 
would  be  almost  $5  million. 


SEAR,  steam  injection,  and  resistive  heating  are  source  remediation  technologies  with  applications 
that  can  be  completed  in  a  few  months.  P&T  is  a  long-term  source  control  technology  and  the  total 
cost  for  this  option  is  based  on  the  present  value  (PV)  of  all  the  costs  incurred  over  a  30-year  period 
of  application. 
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5.0  IMPLEMENTATION  ISSUES 


This  section  examines  the  lessons  learned  from  the  SEAR  demonstration  and  provides  background 
information  to  allow  assessment  of  the  effectiveness,  implementability,  and  cost  of  full-scale 
application  of  the  SEAR  technology  at  Site  88,  MCB  Camp  Eejeune,  and  at  other  sites. 

5.1  COST  OBSERVATIONS 

The  ESTCP  demonstration  costs,  interpreted  on  the  basis  of  the  amount  of  area  or  volume 
remediated,  are  higher  than  are  normally  estimated  for  site  remediation  technologies.  The  resulting 
high  unit  costs  for  the  demonstration  are  expected  due  to  the  application  of  the  fixed  costs  inherent 
in  source  zone  characterization,  surfactant  selection,  and  mobilization  to  and  setup  at  a  small  site, 
as  well  as  developmental  and  validation  costs  that  were  associated  with  this  particular 
demonstration.  Additionally,  site-specific  factors  tend  to  increase  the  unit  cost  for  the  technology. 
The  hydraulic  conductivity  of  the  site  ranged  from  10'^  to  1(T^  cm/sec,  which  is  near  the  lower  limit 
for  feasible  application  of  SEAR  in  shallow  aquifers  (e.g.,  20-25  ft  [6. 1-7.6  m]  deep). 

Eull-scale  SEAR  costs  are  greatly  reduced,  by  33%-66%,  for  the  high  permeability  scenario 
depending  upon  the  scale  of  remediation,  which  shows  the  extent  to  which  permeability  influences 
the  cost  of  SEAR  application.  Eow  hydraulic  conductivity  decreases  the  flowrates  that  can  be 
achieved  per  well,  which  in  turn  increases  the  number  of  wells  needed  and  the  time  needed  to  flood 
the  targeted  DNAPE  zone  with  the  required  number  of  pore  volumes.  Elowrate  limitation  due  to  low 
hydraulic  conductivity  was  further  aggravated  by  the  Site  88  aquifer  being  relatively  thin  and  near 
the  surface;  these  site-specific  conditions  limited  the  range  that  water  levels  could  be  raised  or 
lowered  in  order  to  increase  the  hydraulic  gradient  between  the  injection  and  extraction  wells.  Eor 
this  reason,  mobility  control  measures  cannot  be  implemented  at  Site  88  to  improve  technology  cost 
and  performance. 

In  addition  to  the  effects  of  permeability,  SEAR  costs  are  also  affected  by  the  scale  of  remediation. 
Eor  both  the  low-k  and  high-k  SEAR  systems,  unit  costs  decrease  by  ^50%  when  the  scale  of 
application  is  increased  to  0.5  and  1.0  acre. 

As  expected,  the  unit  costs  estimated  for  full-scale  application  are  significantly  lower  than  the  actual 
unit  costs  for  the  ESTCP  demonstration;  however,  even  the  lower  full-scale  costs  are  in  the  high 
range  of  costs  for  conventional  remediation  technologies.  However,  DNAPE  remediation  is 
difficult,  so  direct  comparison  with  the  cost  of  conventional  technologies  may  be  misleading  given 
the  differences  in  performance  between  SEAR  and  conventional  technologies.  A  comparison  of 
full-scale  costs  of  SEAR  to  the  costs  of  alternative  DNAPE  removal  technologies  indicates  that 
SEAR  costs  are  comparable  to  steam  stripping  costs  for  Site  88,  while  resistive  heating  appears  to 
be  the  least  expensive  option.  Alternative  technologies  were  compared  only  on  the  basis  of  cost 
because  there  is  no  performance  data  for  the  alternative  technologies  at  this  site.  The  SEAR  costs 
shown  herein  may  be  somewhat  more  accurate  than  the  cost  estimates  for  the  alternative 
technologies  because  the  SEAR  costs  were  related  to  the  actual  costs  of  SEAR  at  Site  88  during  the 
demonstration,  whereas  the  other  technology  vendors  have  no  prior  experience  conducting  remedial 
operations  under  the  site-specific  conditions  at  Site  88. 
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The  cost  assessment  results  indicate  that  SEAR  costs  are  closely  linked  to  site  conditions.  The 
following  factors  should  be  considered  during  technology  evaluation  and  design: 

•  Under  shallow  conditions  (<25  ft),  the  bulk  permeability  as  well  as  the  permeability 
variation  or  heterogeneity  will  have  a  greater  influence  on  technology  cost  and  performance 
than  when  the  contamination  is  situated  at  greater  depths.  For  example,  the  presence  of 
shallow  conditions,  low  bulk  permeability  (K  #  10  "'  cm/sec)  and  high  permeability  contrast 

.  10)  will  increase  the  cost  of  SEAR  remediation  by  150%-300%  relative  to  a 
site  with  similar  characteristics  but  with  a  bulk  permeability  of  K  $  10'^  cm/sec. 

•  For  sites  with  heterogeneities,  incorporating  mobility  control  measures  into  a  SEAR  design 
can  significantly  reduce  remediation  costs  while  also  improving  technology  performance. 
However,  shallow  and  low  bulk  permeability  conditions  restrict  the  use  of  mobility  control 
measures.  The  implementability  of  mobility  control  measures  should  be  an  important 
consideration  in  the  selection  of  SEAR  as  a  DNAPE  removal  alternative. 

•  Regeneration  and  reuse  of  surfactant  has  the  potential  to  improve  cost-effectiveness  when 
the  scale  of  SEAR  application  is  sufficiently  large  or  the  SEAR  remediation  is  of  short 
duration.  The  scale  and  treatment  duration  at  which  surfactant  recycle  will  become 
cost-effective  and  the  amount  of  cost  savings  available  will  vary  with  site-  and 
project-specific  factors  such  as  the  overall  surfactant  requirement,  surfactant  cost,  regulatory 
standards  for  contaminant  removal  and  surfactant  recoveries  from  the  subsurface. 

5.2  PERFORMANCE  OBSERVATIONS  AND  LESSONS  LEARNED 

The  demonstration  at  Site  88  provided  several  key  indications  of  the  site  and  technology  factors 
driving  SEAR  performance.  It  is  important  to  carefully  consider  the  following  factors  when 
planning  a  full-scale  in  situ  surfactant  flooding  system  for  MCB  Camp  Eejeune  or  other  sites 
(Fountain  et  al.,  1995;  U.S.  EPA,  1996a;  Roote,  1997): 

•  In  situ  heterogeneity 

•  Aquifer  permeability 

•  Hydrostratigraphy 

•  DNAPE  distribution 

•  Surfactant  phase  behavior 

•  Surfactant  solubilization  capacity 

•  Surfactant  sorption 

•  Surfactant  degradation 

•  DNAPE  mobilization 

•  Aquifer  geochemistry. 

Eaboratory-phase  behavior  experiments  showed  that  the  average  expected  PCE  solubilization  was 
about  350,000  mg/E  for  the  surfactant  injectate  mixture  used  in  this  SEAR  demonstration.  However, 
this  number  is  never  directly  comparable  to  the  PCE  concentrations  measured  in  the  extraction  wells 
during  a  surfactant  flood  for  the  following  reasons:  (1)  dilution  occurs  at  the  extraction  wells  as 
groundwater  is  pumped  from  both  outside  the  test  zone  as  well  as  inside  the  test  zone;  and  (2)  lower 
DNAPE  saturations  occur  in  the  subsurface  compared  to  experiments  that  were  conducted  with  a 
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DNAPL:water  ratio  of  1:1  (50%  DNAPL).  Based  on  the  surfaetant  and  IPA  eoneentration  data  at 
the  most  eontaminated  well  pair  (EXOl  and  EX04),  there  was  a  dilution  faetor  of  approximately 
three  in  these  extraetion  wells.  Eor  this  same  well  pair,  the  pre-SEAR  PITT  data  showed  that  the 
average  DNAPE  saturation  was  approximately  4.5%.  Combining  the  two,  a  dilution  faetor  of 
(50/4.5)  X  3  =  33.33  is  expeeted.  Therefore,  a  maximum  eoneentration  of  10,500  mg/E  PCE  is 
expeeted  in  the  field  during  peak  surfaetant  breakthrough  at  an  extraetion  well.  As  a  result  of 
subsurfaee  heterogeneities,  not  all  of  the  DNAPE  eontaminated  zones  were  effieiently,  or 
simultaneously,  eontaeted  by  surfaetant  solution  during  surfaetant  flooding,  whieh  explains  the 
observed  maximum  PCE  eoneentrations  at  EXOl  and  EX04  ranging  between  1,000  and  2,000  mg/E. 

The  surfaetant  flood  was  extended  for  10  days  beyond  the  planned  48  days  in  response  to  the 
relatively  slow  PCE  removal  rates  measured  early  in  the  demonstration  (i.e.,  slow  eompared  to  the 
predieted  removal  rates  from  the  design  simulations).  Additionally,  the  postsurfaetant  water 
flooding  was  inereased  by  14  days  in  response  to  the  slow  surfaetant  removal  rates  relative  to  the 
design  simulations.  PCE  eoneentrations  remained  high  in  the  extraetion  well  effluent 
(approximately  1,000  mg/E  at  EXOl  and  EX04R)  even  at  the  end  of  the  surfaetant  flood  (Eigures 
3.1  and  3.4),  whieh  showed  that  a  further  extension  of  surfaetant  flooding  would  have  reeovered 
additional  DNAPE  from  the  test  zone;  however,  limited  projeet  funds  preeluded  further  extensions. 

Samples  of  groundwater  taken  during,  and  soil  taken  after,  the  demonstration  indieated  that  DNAPE 
removal  in  the  subsurfaee  zone  between  -15-18  ft  (4.6-5. 5  m)  bgs  was  eomplete.  However,  DNAPE 
remained  in  the  middle  zone  -18-19  ft  (5. 5-5. 8  m)  bgs,  and  bottom  zone  -19-20  ft  (5.8-6. 1  m)  bgs 
of  the  aquifer.  The  middle  zone  was  partially  remediated  by  surfaetants;  however,  very  little 
surfaetant  penetrated  into  the  bottom  (i.e.,  basal  silt)  zone  during  the  flooding.  Although  the  basal, 
low-permeability  zone  was  not  fully  remediated  by  SEAR,  the  DNAPE  remaining  in  this  zone 
appears  to  pose  little  risk  at  this  site  with  respeet  to  propagation  and  transport  of  the  aqueous-phase 
PCE  plume.  Prior  to  the  SEAR  demonstration,  DNAPL  that  was  present  in  the  overlying  higher 
permeability  zone  was  the  primary  eause  of  plume  propagation  and  transport  at  Site  88,  however, 
DNAPL  was  very  effeetively  removed  from  this  zone  by  SEAR.  Post-SEAR  monitoring  of  the 
upper  and  middle  zones  reeently  showed  almost  a  five  order  of  magnitude  differenee  in  PCE 
eoneentrations  between  MLS-2T  and  MLS-2M.  This  suggests  that  plume  transport,  from  the 
DNAPL  that  remains  in  the  basal  silt  to  the  overlying  fine  sand  transport  zone,  is  diffusion  limited. 
The  high  permeability  eontrast  that  limited  mass  transfer  of  PCE  under  a  foreed  gradient, 
high-solubilization  system  (SEAR)  further  limits  mass  transfer  of  PCE  under  statie  groundwater 
eonditions  from  the  low  permeability  zone  basal  silt.  Eurthermore,  statie  vertieal  hydraulie  gradients 
are  downward  at  the  site,  between  the  shallow  aquifer  and  the  underlying  Castle  Hayne  aquifer. 
Given  this,  and  the  presenee  of  a  thiek  elay  aquitard  at  the  base  of  the  shallow  aquifer,  it  is  thus 
expeeted  that  there  is  little  “potential”  to  drive  PCE  (dissolved  or  immiseible)  from  this  basal,  low 
permeability  zone  into  a  more  permeable  (underlying  or  overlying)  plume  transport  zone. 

Limited  effeetiveness  of  flooding  in  the  lower  zones  is  attributed  to  the  permeability  of  the  basal  silt 
layer  being  about  10  times  lower  than  that  of  the  upper  zone  of  the  aquifer,  eausing  preferential  flow 
of  surfaetants  through  the  more  permeable  zones.  The  effeet  of  this  heterogeneity  emphasizes  the 
importanee  of  having  a  detailed  understanding  of  the  geosystem  prior  to  development  of  the 
remedial  design.  Yet  while  tools  sueh  as  the  CITT  and  PITT  in  eombination  with  diserete  sampling 
methods  (i.e.,  sample  eolleetion  from  MLSs)  ean  improve  design  and  lower  eapital  and  operating 
eosts,  it  ean  still  be  diffieult  to  fully  eharaeterize  the  variations  in  hydraulie  eonduetivity  of  a 
heterogeneous  aquifer.  At  Camp  Lejeune,  the  aetual  permeability  eontrast  was  underestimated  by 
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a  factor  of  two,  with  deleterious  results.  For  these  reasons,  a  robust  SEAR  design  that  ean  overeome 
shorteomings  of  souree-zone  eharaeterization  is  highly  desirable. 

The  solution  to  a  robust  SEAR  design  is  the  inelusion  of  mobility  eontrol  measures.  Due  to  reeent 
advaneements  in  SEAR  design,  mobility  eontrol  is  now  eonsidered  an  integral  eomponent  of  SEAR 
design  and  implementation  beeause  it  improves  the  effeetiveness  of  SEAR  in  two  important  ways: 

(1)  it  signifieantly  mitigates  the  effeets  of  heterogeneities  with  respeet  to  remedial  performanee,  and 

(2)  deereases  eosts,  primarily  by  redueing  the  amount  of  surfaetant  required.  Linder  shallow 
eonditions  (20-25  ft  to  the  bottom  of  the  eontaminated  zone),  the  minimum  bulk  hydraulie 
eonduetivity  needed  to  permit  an  effieient  sweep  of  a  high  viseosity  polymer-surfaetant  solution  is 
approximately  10'^  em/see.  A  minimum  depth  of  50  ft  is  reeommended  for  lower  bulk  hydraulie 
eonduetivities.  This  additional  depth,  or  aquifer  thiekness,  allows  a  greater  range  of  hydraulie 
gradients  to  be  imposed  by  the  injeetion  and  extraetion  wells  during  flooding  operations,  whieh  is 
needed  to  drive  the  higher  viseosity  polymer-surfaetant  solution  through  a  low-permeability 
formation.  Alternatively,  the  use  of  foam  for  mobility  eontrol  will  additionally  be  limited  by  the 
eomposition  of  the  surfaetant  formulation,  i.e.,  when  eosolvent  is  a  eomponent,  surfaetant-foam 
proeesses  eannot  be  used  due  to  the  defoaming  properties  of  aleohol  eosolvents.  Eor  optimum 
system  performanee,  mobility  eontrol  measures  that  ean  improve  the  sweep  of  surfaetants  through 
the  low  permeability  zones  of  a  heterogeneous  aquifer  are  highly  reeommended  in  the  design  of  all 
future  SEAR  projeets.  If  the  hydrogeologie  setting  at  a  given  site  will  not  allow  the  use  of  mobility 
eontrol,  then  as  the  Camp  Eejeune  results  indieate,  deereased  performanee  and  inereased  eosts  ean 
be  expeeted. 

Another  reeommendation  for  optimizing  the  future  performanee  of  surfaetant  floods  in  aquifers  with 
appreeiable  permeability  eontrasts  sueh  as  Camp  Eejeune  is  to  install  separate  arrays  of  injeetion  and 
extraetion  wells  that  are  diseretely  sereened  over  the  partieular  aquifer  zone  that  requires  improved 
sweep.  Eor  example,  at  Camp  Eejeune,  an  additional  injeetion  well  eould  be  installed  at  eaeh 
injeetion  loeation,  with  a  sereened  interval  diseretely  limited  to  the  lowest  perm  zone  (bottom  1.5 
to  2  ft)  of  the  aquifer  to  foeus  the  flow  of  surfaetant  fluids  through  this  zone.  A  likely 
implementation  of  this  teehnique  would  be  to  install  two  arrays  of  eone  penetrometer  test  (CPT) 
well-points,  one  array  sereened  in  the  overlying  higher  permeability  zone  and  the  other  array 
sereened  in  the  basal  silt  layer. 

SEAR  wells  are  erueial  eomponents  of  the  remediation  system  beeause  surfaetant  fluids  are 
delivered  and  eontrolled  in  the  subsurfaee  via  injeetion,  extraetion  and  hydraulie  eontrol  wells.  As 
sueh,  SEAR  wells  should  be  thought  of  as  performanee  wells,  with  mueh  higher  speeifieations 
eompared  to  monitoring  wells.  Conventional  well  installation  methods  should  be  strietly  followed 
for  SEAR  wells,  ineluding  proper  sereen  length  and  plaeement,  appropriate  sereen  slot  size, 
eontinuous-slot  sereens,  and  appropriate  fdter  paek  material  (see  Driseoll,  1995).  hollowing  proper 
installation,  vigorous  well  development  is  very  important  for  maximizing  the  well  effieieney  of  the 
remediation  wells.  This  ensures  that  the  maximum  range  of  injeetion  and  extraetion  flowrate  ean 
be  applied  aeross  the  well  field,  whieh  is  espeeially  important  for  surfaetant  flooding  a  shallow 
aquifer  with  tight  sediments.  Effeetive  well  development  ean  be  aeeomplished  by  vigorous  surging 
and  pumping,  whieh  needs  to  be  emphasized  with  the  driller  prior  to  mobilizing  to  the  field  for  well 
installation.  Although  this  task  was  speeified  in  the  driller’s  seope  of  work  for  the  Camp  Eejeune 
well  installations,  the  surge  bloek  supplied  by  the  driller  was  not  properly  designed  for  effeetive  well 
development.  Consequently,  one  extraetion  well  installed  in  a  known  free-phase  DNAPL  zone 
yielded  no  DNAPE  and  was  replaeed.  Hydraulie  eontrol  well  HC-01  reeeived  less  well  development 
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because  it  was  situated  inside  of  a  building  that  didn’t  allow  access  of  a  drilling  rig  for  vigorous 
surging.  With  only  hand-surging  performed,  its  efficiency  was  expected  to  be  less  than  for  other 
wells.  This  may  have  been  a  contributing  factor  to  the  temporary  loss  of  hydraulic  control  detected 
at  RW-03  when  injection  and  extraction  flowrates  were  increased  during  Phase  II  of  the  surfactant 
flood. 

The  underestimate  of  the  initial  DNAPL  volume  during  the  pre-SEAR  PITT,  as  well  as  the  lower 
than  expected  tracer  recoveries  in  both  the  pre-  and  post-SEAR  PITT  suggest  limitations  in 
implementing  PITTs  in  an  aquifer  with  low  bulk  permeability  plus  significant  permeability  contrast. 
These  limitations  should  be  considered  in  future  decisions  in  using  and  designing  PITTs. 
Additionally,  when  designing  PITTs  in  an  aquifer  with  significant  clay  content  that  necessitates 
calcium  as  the  primary  electrolyte,  tendencies  of  surfactants  to  form  complexes  with 
calcium-containing  clays  should  be  carefully  examined  for  proper  surfactant  flood  design  to  avoid 
interfering  effects  with  the  PITT.  Under  these  conditions,  surfactants  other  than  Alfoterra  should 
also  be  investigated. 

Some  separation  in  the  surfactant  and  IPA  curves  was  observed  during  postsurfactant  water 
flooding,  and  indicates  that  late-time  sorption  and  possibly  biodegradation  of  the  surfactant  occurred 
to  some  degree.  It  is  hypothesized  that  biodegradation  was  occurring  primarily  in  the  basal,  low 
permeability  zone  of  the  aquifer,  due  to  the  longer  residence  times  in  this  silty  zone.  It  is  also 
probable  that  the  more  anoxic  geochemical  conditions  in  the  basal  portion  of  the  aquifer  favored 
biodegradation  of  the  sulfated  surfactant.  The  middle  and  bottom  MES  data  show  that  surfactant 
was  minimal  or  absent  in  the  basal  zone;  i.e.,  slow  to  get  in  and  slow  to  get  out,  which  results  in  long 
residence  times.  However,  the  upper  MES  data  show  that  the  higher  permeability  zone  was  very 
responsive  to  surfactant  and  water  flooding.  Surfactant  was  present  at  high  concentrations  in  the 
upper  zone  during  surfactant  flooding,  and  surfactant  concentrations  dropped  off  precipitously,  as 
intended,  once  the  postsurfactant  injection  water  flooding  was  initiated  (Eigure  3.2). 

Water-level  (potentiometric  surface)  maps  measured  during  the  demonstration  were  used  to  evaluate 
the  effectiveness  of  hydraulic  control.  Overall,  hydraulic  containment  was  very  effective;  however, 
the  potentiometric  maps  indicated  that  minor  amounts  of  the  injected  surfactant  solution  were  not 
captured  by  the  extraction  wells  during  one  particular  period  of  the  surfactant  flood.  IPA  was 
detected  in  one  monitoring  well,  RW03,  which  was  located  directly  downgradient,  providing  an 
ideal  worst-case  monitoring  point.  The  highest  concentration  of  IPA  detected  at  well  RW03  was 
2,798  mg/E,  which  is  2%  of  the  injectate  IPA  concentration  of  160,000  mg/E.  The  relatively  low 
concentration  of  IPA  detected  in  RW03  (compared  to  the  injectate  concentration),  the  nondetectable 
concentrations  of  IPA  and  surfactant  in  all  monitoring  wells  except  RW03,  and  the  recovery  of  88% 
of  the  injected  IPA,  all  indicate  that  the  potential  for  escape  of  the  injectate  solution  was  very  low. 

A  very  positive  result  of  the  SEAR  demonstration,  as  observed  by  comparison  of  the  of  the 
pre-SEAR  and  post-SEAR  PITTs,  was  the  lack  of  any  evidence  of  aquifer  plugging  (i.e.,  loss  of 
permeability)  as  a  result  of  surfactant  injection  into  such  a  fine-grained  formation.  The  ability  to 
formulate  a  surfactant  solution  that  interacts  favorably  with  the  in  situ  geology  is  an  important  factor 
in  the  effective  application  of  SEAR  technology,  and  is  especially  critical  when  applying  SEAR  in 
tight  sediments  such  as  at  Site  88,  MCB  Camp  Lejeune.  At  Camp  Lejeune,  and  for  many  SEAR 
projects  conducted  to  date,  optimizing  surfactant  phase  behavior  for  compatibility  with  the  aquifer 
has  been  accomplished  with  the  use  of  cosolvent  in  the  surfactant  formulation.  The  high  residual 
IPA  concentrations  (up  to  44,000  mg/E)  remaining  in  the  SEAR  treatment  zone  approximately  18 
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months  after  the  eompletion  of  the  demonstration  imply  that  the  use  of  surfaetants  requiring  high 
eosolvent  eoneentrations,  should  be  reeonsidered  in  future  SEAR  applieations.  Cosolvents  also 
eomplieate  SEAR  effluent  treatment  and  prevent  the  use  of  surfaetant-foam  for  mobility  eontrol. 
Newly  developed  surfaetants  sueh  as  the  Alfoterra  123-8PO  sulfatea  and  Alfoterra  I12-3PO  sulfatea 
that  minimize  the  eosolvent  requirement,  or  surfaetants  yet  to  be  identified  that  ean  be  used  without 
any  eosolvent  should  reeeive  preferenee.  In  addition,  eosurfaetants  have  reeently  emerged  as 
substitutes  for  eosolvents  in  surfaetant  systems,  and  should  be  explored  further. 

A  minor  eomponent  of  the  surfaetant  apparently  sorbed  to  the  aquifer  matrix,  whieh  then  interfered 
with  the  partitioning  behavior  of  the  traeers  during  the  post-SEAR  PITT.  The  post-SEAR  PITT 
results  indieated  that  the  DNAPE  saturation  had  inereased,  despite  the  measured  reeovery  of  a 
substantial  volume  of  DNAPE  from  the  test  zone.  The  high  organie  eontent  of  the  Camp  Eejeune 
soils  and  the  natural  tendeney  of  partitioning  traeers  to  sorb  to  these  soils  masked  the  sorbing  effeet 
of  the  surfaetant  impurity  during  laboratory  surfaetant  testing.  Thus,  in  future  efforts  to  examine 
the  interfering  effeets  of  surfaetant  impurities,  laboratory  experiments  should  inelude  the  use  of 
elean  Ottawa  sands. 

The  surfaetant  developed  for  the  SEAR  demonstration  was  able  to  aehieve  high  PCE  solubilization, 
aeeeptable  flow  properties,  and  eompatibility  with  aquifer  materials  while  allowing  aboveground 
proeessing  for  surfaetant  regeneration.  However,  the  range  of  CaCl2  eoneentrations  to  maintain 
Winsor  Type  III  eonditions  (for  maximum  eontaminant  solubilization  and  lET  reduetion  by 
surfaetant)  was  too  narrow  (between  0.18  to  0.20  wt%  CaCl2).  This  resulted  in  diffieulty  to  maintain 
the  surfaetant  injeetate  solution  at  optimum  effieieney  without  inereasing  the  risk  of  undesirable 
Winsor  Type  II  eonditions  (>0.20  wt%  CaCl2)  that  result  in  surfaetant  loss  to  the  DNAPE. 
Therefore,  the  average  ealeium  eoneentration  used  was  lower  than  optimum,  around  0.17  wt%,  to 
minimize  the  potential  risk  of  Type  II  eonditions.  Solubilization  of  PCE  at  0.17  wt%  and  0.185  wt% 
ealeium  by  the  Alfoterra  surfaetant  is  400,000  and  500,000  mg/E  PCE,  respeetively.  Therefore, 
operating  at  0.17  wt%  CaCl2  is  equivalent  to  a  20%  loss  of  solubilization  potential.  A  lesson  learned 
from  this  demonstration  is  that  it  is  preferable  to  use  surfaetants  with  a  wider  range  of  Type  III  phase 
behavior  (i.e.,  a  wider  range  of  eleetrolyte  eoneentrations  for  Type  III  phase  behavior).  The  use  of 
on-line  metering  and  mixing  of  surfaetant  formulation  eomponents  for  the  preparation  of  surfaetant 
injeetate  is  also  reeommended  for  improved  preeision  and  aeeuraey  of  the  surfaetant  formulation. 
However,  phase  behavior  experiments  must  still  be  performed  regularly  during  field  operations  by 
qualified  personnel  to  verify  that  surfaetant  injeetate  meets  design  speeifieations. 

Einally,  the  aboveground  treatment  operations  demonstrated  that  surfaetant  was  indeed  reeoverable 
for  the  purposes  of  reinjeetion.  However,  there  is  an  issue  with  parallel  eoneentration  of  the 
eontaminant  and  eleetrolyte  when  ealeium  is  used  as  the  sole  or  primary  eleetrolyte  to  avoid 
mobilization  of  soil  fines,  and  surfaetant  is  reeovered  and  eoneentrated  by  ultrafiltration.  This  plaees 
a  high  demand  on  the  performanee  of  proeesses  used  to  separate  the  DNAPE  eontaminant  from  the 
surfaetant  and  requires  that  fresh  surfaetant  be  added  to  reeovered  surfaetant  to  amend  its 
eomposition.  However,  individual  surfaetants  are  expeeted  to  have  varying  affinity  for  ealeium,  so 
exeessive  ealeium  buildup  in  MEUE  will  not  neeessarily  be  a  problem  for  all  surfaetants. 
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5.3  REGULATORY  ISSUES 


The  predominance  of  groundwater  contamination  and  the  lack  of  methods  to  treat  the  contamination 
in  an  effective  and  economical  manner  is  a  problem  of  great  concern  to  the  U.S.  EPA  and  the 
regulated  community.  Regulators  are  especially  concerned  about  the  issue  of  chlorinated  solvent 
contamination  in  groundwater  and  its  potential  for  persisting  for  hundreds  of  years  despite  efforts 
to  remove  it  using  conventional  methods  such  as  pumping  groundwater  for  treatment  aboveground. 
Surfactant  enhancements  to  aquifer  flooding  is  one  of  six  abiotic  technologies  identified  by  the  U.S. 
EPA  as  emerging  as  possible  cleanup  remedies  for  recalcitrant  sites  (U.S.  EPA,  1995a).  Information 
on  the  status  and  regulatory  acceptance  of  in  situ  flushing  (or  flooding)  also  has  been  tabulated  by 
the  Ground-Water  Remediation  Technologies  Analysis  Center  (Roote,  1998). 

Injection  wells  are  regulated  by  the  Underground  Injection  Control  (UIC)  program  under  the  federal 
Safe  Drinking  Water  Act  (SDWA).  Under  the  UIC  program,  injection  of  any  fluid  into  a  well  is 
prohibited,  except  as  authorized  by  permit  or  rule.  U.S.  EPA  regional  offices  administer  the  UIC 
programs  in  15  states,  but  has  delegated  authority  for  maintaining  all  or  part  of  the  UIC  programs 
to  35  states. 

Injection  wells  incidental  to  aquifer  remediation  and  experimental  technologies  are  distinguished 
from  hazardous  waste  injection  wells  and  are  designated  as  Class  V  wells  under  the  UIC  program. 
Class  V  wells  covered  by  the  federal  UIC  program  are  authorized  by  rule  and  do  not  require  a 
separate  UIC  permit.  A  Class  V  well  regulated  by  a  state  may  require  a  permit. 

Application  of  UIC  requirements  depends  on  the  regulatory  framework  controlling  the  cleanup  with 
fewer  restrictions  expected  for  cleanup  activities  conducted  under  Comprehensive  Environmental 
Response,  Compensation,  and  Eiability  Act  (CERCEA)  authority  (U.S.  EPA,  1995b).  UIC 
requirements  typically  are  applicable  to  Resource  Conservation  and  Recovery  Act  (RCRA) 
corrective  action  cleanup  projects,  but  may  not  be  applicable  or  relevant  or  appropriate  to  CERCEA 
sites.  The  purpose  of  the  UIC  program  is  to  protect  underground  sources  of  drinking  water 
(USDWs),  and  the  contaminated  aquifers  at  Superfund  sites  typically  do  not  serve  as  USDWs. 

The  U.S.  EPA  recently  reviewed  state  policies  controlling  injection  of  surfactants,  cosolvents,  and 
nutrients  for  groundwater  to  promote  aquifer  remediation  (U.S.  EPA,  1996b).  This  review 
determined  that  1 1  states  have  allowed  surfactant  injection,  mostly  for  the  enhancement  of  existing 
P&T  systems.  Most  of  these  approvals  were  for  application  to  CERCEA  sites.  No  state  has  a  direct 
regulatory  prohibition  on  injection  technologies  for  treating  contaminated  aquifers.  Prior  to  1995 
a  few  states  prohibited  the  use  of  injectants,  either  through  bans  on  new  Class  V  injection  wells  or 
prohibition  of  injectants  that  did  not  meet  groundwater  quality  criteria.  Currently  exceptions  are 
made  for  Class  V  remediation  wells,  and  the  states  that  prohibit  injection  of  fluids  that  do  not  meet 
groundwater  standards  allow  the  use  of  site-specific  criteria  for  contaminated  aquifers. 

Pew  states  have  policies  that  discourage  use  of  injection  technologies,  and  most  of  those  that  do  have 
approved  individual  projects.  A  small  number  of  states  have  rejected  most  or  all  of  the  proposals 
they  have  received  for  injection  projects  on  policy  or  technical  grounds.  Reasons  given  for  rejecting 
proposals  include  the  following: 

•  Pailure  to  include  or  adequately  demonstrate  a  monitoring  and  recovery  plan  in  the  proposal 
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Failures  of  previously  approved  injection  projects 


•  Lack  of  a  clearly  defined  process  for  obtaining  approval,  and  uncertainty  over  the  identity 
of  agencies  authorized  to  approve  injection 

•  Lack  of  experience  with  injection  projects. 

Technical  merits  of  the  proposed  technology,  as  reflected  in  a  detailed  work  plan,  are  the  most 
important  factors  considered  by  a  state.  Almost  all  states  rely  on  the  terms  of  the  technical  proposal, 
and  almost  all  decisions  are  made  on  a  case-by-case  basis.  Several  states  require  a  closed  system 
or  some  other  evidence  that  all  of  the  injectate  will  be  captured  and  removed,  particularly  for 
surfactant  injection.  Any  work  plan  must  provide  for  comprehensive  monitoring  of  injectant 
transport  and  recovery. 

The  feasibility  of  surfactant  reuse  is  strongly  dependent  on  site-specific  regulations,  as  contaminant 
removal  to  maximum  contaminant  levels  (MCLs)  prior  to  surfactant  reinjection  is  cost-prohibitive. 
Secondary  contaminants,  such  as  the  Varsol™  contamination  at  Camp  Lejeune,  may  also  be  an 
issue.  For  the  Camp  Lejeune  demonstration,  regulators  were  willing  to  be  lenient  on  the  95% 
contaminant  removal  standard  required  for  surfactant  reinjection  due  to  planning-phase  discussions 
where  the  project  team  established  that:  (1)  good  hydraulic  control  would  be  maintained,  based  on 
CITT  and  PITT  results,  and  that  (2)  the  concentrations  of  contaminant  being  injected  would  be  lower 
than  the  contaminant  concentrations  remaining  within  the  aquifer.  Although  (2)  was  not  actually 
met  for  Varsol™  during  the  SEAR  demonstration,  the  regulators  had  also  requested  collection  of 
pre-  and  post-SEAR  groundwater  samples  for  Varsol™  analysis  to  confirm  that  SEAR,  although  not 
targeted  to  remove  Varsol™  from  the  aquifer,  did  not  worsen  Varsol™  contamination  in  the 
groundwater.  Although  the  analytical  data  obtained  using  five  analytical  methods  for  petroleum 
hydrocarbons  shows  somewhat  conflicting  results,  it  appear  that  SEAR  treatment  had  little  impact 
on  Varsol™  concentrations  in  the  aquifer.  Eurther  discussion  of  these  results  can  be  found  in  the 
Einal  Technical  Report  (Battelle/DE&S,  2001). 

A  recently  completed  surfactant  flood  at  Alameda  Point,  CA,  where  surfactant  reinjection  was  also 
accomplished  with  contaminants  exceeding  MCEs  (U.S.  EPA,  1999;  Hasegawa,  1999),  indicates 
that  the  reinjection  of  surfactants  at  MCB  Camp  Eejeune  is  not  exceptional.  As  regulatory 
interpretations  allowing  the  use  of  injectants  have  recently  become  more  lenient,  it  is  possible  that 
a  similar  trend  will  follow  for  the  reinjection  of  SEAR  process  chemicals. 
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6.3  ASSOCIATED  DOD  CONTRACTS  AND  THEIR  LOCATIONS 


Table  6.1.  Summary  of  Contracts  and  Purchase  Orders. 


Contract  #  or 
Purchase  Order  # 

Date 

Awarded 

Title 

Contracting 

Office 

Duke  Engineering  and  Services,  Austin,  TX 

N47408-97-M-0970 

22-Jul-97 

Technical  Field  Support  for  DNAPL 
characterization  activities  at  Bldg.  25  MCB  Camp 
Lejeune,  NC 

NAVFACCO 

N47408-99-P-6034 

29-Sep-99 

SEAR  Technology  Protocol  Development 

NAVFACCO 

N00244-99-P-3740 

27-Sep-99 

Preparation  of  Grain  Size  Analysis/Soil 
Samples/Data  Analysis 

FISC  San  Diego 

N00244-00-P-1812 

11 -Feb-00 

Sensitivity  analyses  of  Camp  Lejeune  Data 

FISC  San  Diego 

University  of  Oklahoma  (Norman) 

N47408-97-C-0218 

23-JUI1-97 

Design  and  Construction  of  Micellar  Enhanced 
Ultrafdtration  (MEUF)  Units  to  Concentrate 
Surfactants  from  a  Dilute  Micellar  Solution 

NAVFACCO 

University  of  Texas  (Austin) 

N47408-97-M-0950 

ll-Juii-97 

Modeling  and  Design  of  a  Surfactant  Flood  Test 
with  Surfactant  Recovery  and  Reuse 

NAVFACCO 

N47408-99-P-6020 

17-Sep-99 

Documentation  of  UTCFIEM  Simulations  for 

Design  of  SEAR  Test  at  MCB  Camp  Lejeune, 

North  Carolina 

NAVFACCO 

NJIT 

N47408-97-M-0881 

8-Apr-97 

Technical  Support  for  the  Design  and  Construction 
of  a  10  gpm  Pervaporation  Unit  Using  Flollow 

Fiber  Modules  Developed  by  AMT 

NAVFACCO 

Surbec 

N00244-00-P-1602 

26-Jan-OO 

Review  of  Wastewater  Treatment  Sections  of 

SEAR  Design  &  Operations  Manuals 

FISC  San  Diego 

Terratek 

N69218-99-MD88127 

22-Sep-99 

Grain-size  analyses  of  Camp  Lejeune  soil  samples 

NFESC 
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Table  6,1.  Summary  of  Contracts  and  Purchase  Orders,  (continued) 


Contract  #  or 
Purchase  Order  # 

Date 

Awarded 

Title 

Contracting 

Office 

Baker  Environmental,  Inc. 

N62470-89-D-4814,  CTO  #356 

Mods 

27-Aug-97 

Phase  1  &  Phase  2  Site  Charaeterization  for 

DNAPL,  Operable  Unit.  No.  15  (Site  88),  MCB 
Camp  Lejeune,  NC 

LANTDIV 

Mod  6 

16-Sep-97 

Partitioning  Interwell  Tracer  Test,  Part  I,  Operable 
Unit  No.  15  (Site  88),  MCB  Camp  Lejeune,  NC 

LANTDIV 

Mod? 

30-Sep-97 

Part  I  support  for  SEAR  Test,  Operable  Unit  No. 

15  (Site  88),  MCB  Camp  Lejeune,  NC 

LANTDIV 

Mods 

9-Jan-98 

Presurfactant  Flood  Partitioning  Interwell  Tracer 

Test  (PITT),  Part  II,  Field  Installation  at  Operable 
Unit  No.  15  (Site  88),  MCB  Camp  Lejeune,  NC 

LANTDIV 

Mod  9 

16-Mar-98 

Presurfactant  Flood  Partitioning  Interwell  Tracer 

Test  (PITT),  Part  III,  Field  Installation  at  Operable 
Unit  No.  15  (Site  88),  MCB  Camp  Lejeune,  NC 

LANTDIV 

Mod  11 

17-Jul-98 

Surfactant  Flood  Test  and  Postsurfactant  PITT, 
Operable  Unit  No.  15  Site  88,  MCB  Camp 

Lejeune,  NC 

LANTDIV 

Mod  12 

29-Sep-98 

Cost  and  Scope  Modification  Request,  Phase  I  and 

II  Investigations  Operable  Unit  No.  15  (Site  88) 
and  Operable  Unit  No.  16  (Sites  89  and  93) 

LANTDIV 

Mod  14 

30-Sep-99 

SEAR  Test  Scope  and  Cost  Growth,  Site  88,  MCB 
Camp  Lejeune,  NC 

LANTDIV 

Battelle 

N47408-95-D-0730/D01 12 

Cost  and  Performance  Report  for  ESTCP 
Surfactant-Enhanced  DNAPL  Removal 

NFESC 
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Table  6,2.  Contracting  Offices. 


Agency 

Addresses  for  Contracting  Offices 

NAVFACCO 

Naval  Facilities  Engineering  Command,  Contracts  Office,  Code  80,  Bldg.  41 
NAVFACENGCOMDET-SLC 

4111  San  Pedro  St. 

Port  Hueneme,  CA  93043-4410 

FISC  San  Diego 

Fleet  and  Industrial  Supply  Center,  San  Diego 

Simplified  Acquisition,  Code  220H 

1000  23rd  Ave.  Suite  2 

Port  Hueneme,  CA  93043-4309 

NFESC 

Naval  Facilities  Engineering  Service  Center 

1100  23rd  Ave. 

Port  Hueneme,  CA  93043-4370 

Attn:  Ms.  Patty  Chico,  Code  ESC  13 

LANTDIV 

Commander 

Atlantic  Division,  Naval  Facilities  Engineering  Command  or 
LANTNAVFACENGCOM 

1510  Gilbert  Street 

Norfolk,  VA  23511-2699 

Attn:  Ms.  Beth  Collier,  Contract  Specialist,  Code  02115 
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POINTS  OF  CONTACT 


ESTCP  Project  Manager 

S.  Laura  Yeh,  P.E. 

Naval  Facilities  Engineering  Serviee  Center 
Code  ESC  411 
1100  23rd  Ave. 

Port  Hueneme,  CA  93043 
Telephone;  (805)  982-1660 
Fax:  (805)  982-4304 
E-mail:  yehsl@nfese.navy.mil 

Co-Investigators 

Dr.  Eeland  Vane 

Role:  Design,  eonstruetion  and  field-testing  of 

pervaporation  system 

Title:  Pervaporation  Team  Eeader 

U.S.  EPA,  National  Risk  Management 

Researeh  Eaboratory 

26  West  Martin  Euther  King  Dr.  (M/S  443) 

Cineinnati,  OH  45268 

Telephone:  (513)569-7799 

Fax:  (513)  569-7677 

E-mail:  vane.leland@epamail.epa.gov 

Dr.  A.  Eynn  Wood 

Role:  Provided  input  to  pre-  and  post-SEAR 
site  eharaeterization  and  SEAR  monitoring 
approaeh 

Title:  Sr.  Soil  Seientist 

U.S.  EPA,  NRMRE 

Non-FedEx:  P.O.  Box  1198 

FedEx:  919  Kerr  Researeh  Drive 

Ada,  OK  74820 

Telephone:  (580)  436-8552 

Fax:  (580)436-8582 

E-mail;  wood.lynn@epamail.epa.gov 


University  Collaborators 

Dr.  Gary  A.  Pope 

Role:  Responsible  for  SEAR  design,  from 

surfaetant  seleetion  through  numerieal  design 

simulations  to  establish  field  operating 

parameters  and  test  duration 

Title;  Direetor,  Center  for  Petroleum  and 

Geosystems  Engineering 

The  University  of  Texas  at  Austin 

Austin,  TX  78712 

Telephone:  (512)471-3235 

Fax:  (512)471-9605 

E-mail:  Gary_Pope@pe.utexas.edu 

Dr.  Edwin  E.  Tueker 

Role;  Design,  eonstruetion  and  field-testing 
of  ultrafiltration  unit 
Title;  Adjunet  Faeulty  Member 
Chemistry  and  Bioehemistry  Dept. 

620  Parrington  Oval,  #208 
University  of  Oklahoma 
Norman,  OK  73019 
Telephone:  (405)  325-2054 
Fax:  (405)  325-6111 
E-mail;  eetueker@ou.edu 

Navy/Marine  Corps  Contacts 

Kate  Eandman 

Role:  Former  Remedial  Projeet  Manager  for 

MCB  Camp  Eejeune,  NC 

Mid  Atlantie  Operations 

Naval  Faeilities  Engineering  Command, 

Engineering  Field  Division  Atlantie 

Operations 

Non-FedEx:  1510  Gilbert  St. 

FedEx:  6500  Hampton  Blvd.,  Bldg.  N-26 
Norfolk,  VA  23511-2699 
Telephone:  (757)322-4818/4173 
Fax:  (757)  322-4805 

E-mail ;  landmakh@efdlant. navfae . navy . mil 
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Kirk  Stevens 

Role:  Current  Remedial  Projeet  Manager  for 
MCB  Camp  Lejeune,  NC 
Naval  Faeilities  Engineering  Command, 
Engineering  Eield  Division  Atlantie 
Operations 

Code  EV23-KAS  (Stevens) 

Non-EedEx:  1510  Gilbert  St. 

EedEx:  6500  Hampton  Blvd.,  Bldg.  N-26 
Norfolk,  VA  23511-2699 
Telephone:  (757)  322-8422 
Eax:  (757)322-4805 

E-mail:  StevensKA@efdlant.navfae.navy.mil 

Riek  Raines 

Role:  Site  88  Manager 

AC/S  EMD 

PSC  Box  20004  (or  Bldg.  HP  67,  Virginia 
Dare  Road  for  EedEx  mail) 

MCB  Camp  Eejeune,  NC  28542 
Telephone:  (910)451-5068 
Eax:  (910)451-5997 
E-mail:  senusml@elb.usme.mil 

Contractors 

Duke  Engineering  &  Serviees,  Ine. 

Role:  Site  eharaeterization,  PITTs,  and 
SEAR  exeeution 
9111  Researeh  Boulevard 
Austin,  TX  78758 

POCs:  Bred  Holzmer,  John  Eondergan,  Diek 
Jaekson,  Varadarajan  Dwarakanath 
Telephone:  (512)  425-2000  (main); 
(360)834-6352  (Ered  Holzmer) 

Eax:  (512)425-2099 

E-mail :  fj holzme@dukeengineering . eom, 

j  tlonder@dukeengineering  .eom 

rej  aeks  1  @dukeengineering  .eom, 

vxdwarak@dukeengineering.oom 


Baker  Environmental,  Ine. 

Role:  The  Navy’s  Comprehensive, 
Environmental  Eong-Term  Aotion  Navy 
(CEEAN)  oontraotor  for  MCB  Camp 
Eejeune;  field  support  for  all  site  aotivities 
Airport  Offioe  Park,  Bldg.  3 
420  Rouser  Rd. 

Coraopolis,  PA  15108 

POCs:  Mark  DeJohn 

Telephone:  (412)  269-6000  (main) 

Pax:  (412)269-2002 

E-mail:  mdejohn@mbakeroorp.oom 

Dr.  Neeraj  Gupta  and  Dr.  Eawrenoe  Smith 
Role:  Cost  assessment  and  oompilation  of 
oost  and  performanoe  assessment  report. 
Battelle  Memorial  Institute 
505  King  Ave 
Columbus,  OH  43201 

Telephone:  (614)  424-3820  (Neeraj  Gupta) 
Pax:  (614)-424-3667 
E-mail:  gupta@battelle.org, 
smithla@battelle .  org 

Regulatory  Contacts 

Amy  Axon 

North  Carolina  DENR,  Ground  Water 
Seotion 

Underground  Injeotion  Control  Program 
2278  Capitol  Blvd. 

Raleigh,  NC  27626 
Telephone:  (919)715-6165 
Pax:  (919)715-0058 
E-mail: 

Amy_Axon_at_MRG  W  SOI  P@mail .  ehnr .  stat 
e.ne.us 

Diane  Rossi 

NC  DENR  Division  of  Water  Quality 
Wilmington  Regional  Offioe 
127  Cardinal  Drive  Ext. 

Wilmington,  NC  28405 

Telephone:  (910)395-3900 

Pax:  (910)  350-2004 

E-mail:  diane_rossi@wiro.enr.  state  .no  .us 
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Dave  Lown,  LG,  PE 

North  Carolina,  DENR,  Superfund  Section 

401  Oberlin  Rd.  Suite  150 

Raleigh,  NC  27605 

Telephone:  (919)  733-4996  ext.  278 

Eax:  (919)  715-3605 

E-mail:  david.lown@ncmail.net 

Gena  Townsend 
EPA  Region  IV 

Waste  Management  Division,  Eederal 

Eacilities  Branch 

Atlanta  Eederal  Center 

61  Eorsyth  St,  SW 

Atlanta,  GA  30303-3104 

Telephone:  (404)  562-8538 

Eax:  (404)  562-8518 

E-mail:  townsend.gena@epamail.epa.gov 


Other 

Sasol  (surfactant  manufacturer) 

12024  Vista  Park  Drive 
Austin,  TX  78726-4050 
POC:  Dr.  Allan  Nielsen 
Telephone:  (512)331-2466 
Pax:  (512)  331-2386 
E-mail:  anielsen@cvcnet.com 

Dr.  Earry  Britton  {formerly  of  Condea  Vista, 
lead  for  development  of  custom  Alfoterra 
surfactants} 

Institute  for  Environmental  and  Industrial 
Science 

Southwest  Texas  State  University 
601  University  Dr. 

San  Marcos,  TX  78666 
Telephone:  (512)  245-9624 
E-mail:  lb34@swt.edu 
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Table  B.3  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune 
Site  88,  Low  Permeability  Panel  of  2,500  Square  Feet:  Summary  of 
General  Conditions  . B-1 4 

Table  B.4  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune 
Site  88,  Low  Permeability  Panel  of  2,500  Square  Feet:  SEAR 
Equipment  Sizing . B-1 5 

Table  B.5  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune 

Site  88,  Low  Permeability  Panel  of  One-Half  Acre  . B-1 7 

Table  B.6  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune 

Site  88,  Low  Permeability  Panel  of  One-Half  Acre:  SEAR  Cost  Detail . B-29 

Table  B.7  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune 
Site  88,  Low  Permeability  Panel  of  One-Half  Acre  Split,  May  2001: 

Summary  of  General  Conditions . B-3 1 

Table  B.8  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune 
Site  88,  Low  Permeability  Panel  of  One-Half  Acre:  SEAR  Equipment 
Sizing . B-3  2 

Table  B.9  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune 

Site  88,  Low  Permeability  Panel  of  One  Acre . B-33 

Table  B.  10  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune 

Site  88,  Low  Permeability  Panel  of  One  Acre:  SEAR  Cost  Detail . B-44 

Table  B.  1 1  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune 
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Table  B.l.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  2,500  Square  Feet 


[Assumptions 


Adjustment  to  correct  labor  to  safety  level  D 
1.05 

2,500  square  footage 

Number  of  wells  needed  to  remediate  a  single  panel  comprising  2500  ft" 
1  number  of  panels 


Number  of 

Well 

wells 

depth  (ft) 

Well  type 

14 

20 

Injection 

24 

20 

Extraction 

8 

20 

Hydraulic  control 

7 

20 

Mulitlevel  sampling  points 

|DNAPL  Source  Zone  Characterization 


40  Number  of  borings 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

0 

2400 

0 

2400 

2400 

Mob/demob  CPT  rig 

EA 

8 

0 

250 

0 

2000 

2000 

CPT  pushes 

LF 

800 

16 

0 

13348 

0 

13348 

Soil  borings  4  inch  diameter  hollow  stem  auger 

EA 

no 

0 

no 

0 

12100 

12100 

Soil  VOC  analyses 

EA 

24 

0 

70 

0 

1680 

1680 

Geotech  analyses 

EA 

12 

0 

no 

0 

1320 

1320 

Ground  water  analyses  VOC 

EA 

6 

0 

50 

0 

300 

300 

Ground  water  analyses  cation/anion 

EA 

2 

0 

175 

0 

350 

350 

Soil  XRD  analysis 

EA 

3 

0 

30 

0 

90 

90 

Soil  foe  and  moisture  content  analysis 

HR 

122 

30 

0 

3843 

0 

3843 

Sampling  labor 

EA 

1 

0 

10000 

0 

10000 

10000 

Plan  and  report  preparation 

$  47,430.60  Source  Zone  Characterization  Total 


Surfactant  Selection 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

0 

10000 

0 

10000 

10000 

Surfactant  phase  behavior  testing 

EA 

1 

0 

10000 

0 

10000 

10000 

Soil  column  test 

EA 

1 

0 

5000 

0 

5000 

5000 

Plan  and  report  preparation 

$  25,000.00  Surfactant  Selection  Total 


Bench-Scale  Abovegroimd  Treatment  Equipment  Testii^ 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

0 

10000 

0 

10000 

10000 

Air  stripper  test 

EA 

1 

0 

10000 

0 

10000 

10000 

Biodegradation  test 

EA 

1 

0 

5000 

0 

5000 

5000 

Plan  and  report  preparation 

$  25,000.00  Bench-Scale  Equipment  Testing  Total 
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Table  B.l.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  2,500  Square  Feet 


Preliminary  Field  Testing 


2200  Flush  fluid  volume  (gal) 

6600  Containment  fluid  volume  (gal)  16.0  Duration  (days) 

1 1000  Extracted  fluid  volume  (gal) _ 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

691 

1624 

691 

2315 

Injection  well  installation  -  outside 

EA 

2 

490 

2960 

Extraction  well  installation  -  outside 

EA 

1 

350 

367 

2317 

Pump  installation 

EA 

2 

490 

2960 

3940 

Hydraulic  control  well  installation  -  outside 

256 

0 

0 

Field  test  technician  labor 

128 

70 

0 

9397 

0 

9397 

Field  test  professional  labor 

LB 

733 

4.5 

3296 

Surfactant 

LB 

0.32 

938 

LB 

136 

0.45 

CaC12 

EA 

22 

0 

no 

0 

Analysis  of  injected  fluid 

EA 

22 

0 

no 

0 

Analysis  of  extracted  fluid 

EA 

1 

0 

0 

Waste  disposal  off  site 

EA 

1 

0 

0 

Plan  and  report  preparation 

$  51,098.26  Preliminary  Field  Testing  Total 


CITT/Free-Phase  Recovery 


84150  Flush  fluid  volume  (gal)  3  Pore  volumes 

70427.08  Containment  fluid  volume  (gal)  31.4  Duration 

193221.3  Extracted  fluid  volume  (gal) 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

220 

0 

26 

5712 

Analysis  of  injected  fluid 

EA 

565 

40 

Analysis  of  extracted  fluid 

EA 

5 

170 

850 

850 

Analysis  of  treated  waste 

502 

0 

15819 

0 

15819 

Field  test  technician  labor 

251 

0 

18455 

0 

18455 

Field  test  professional  labor 

LB 

0 

0.45 

0 

CaC12  chemical  cost 

LB 

72 

0 

0.45 

0 

32 

32 

NaBr  tracer  chemical  cost 

193221 

0 

^eesib 

0 

298 

298 

Treated  water  disposal  -  treated  on  site  capital  not  charged 

|EA  1 

1 

0 

1  150001 

0 

15000 

Plan  and  report  preparation 

$  79,835.71  CITT/Free-Phase  Recovery  Total 
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Table  B.l.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  2,500  Square  Feet 


Initial  PITT  (optional) 


28050  Tracer  fluid  volume  (gal)  7.5  Pore  volumes 

275461.7  Flushing/containment  fluid  volume  (gal)  46  Duration 

379952.6  Extracted  fluid  volume  (gal) 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

84 

0 

no 

0 

Analysis  of  injected  fluid  VOCs 

EA 

98 

0 

40 

0 

Analysis  of  injected  fluid  Ca 

EA 

696 

0 

no 

0 

76560 

Analysis  of  extracted  fluid 

EA 

203 

0 

0 

22330 

Analysis  from  multilevel  sampling  points 

EA 

7 

0 

170 

0 

Analysis  of  treated  waste 

736 

0 

23184 

0 

23184 

Field  test  technician  labor 

368 

70 

0 

27048 

0 

27048 

Field  test  professional  labor 

LB 

232 

0 

204 

204 

Propanol  chemical  cost 

LB 

232 

0 

0.88 

0 

204 

204 

Methanol  chemical  cost 

LB 

232 

0 

0.88 

0 

204 

204 

4-methyl-2-pentanol  chemical  cost 

LB 

232 

0 

0.88 

0 

204 

204 

Hexanol  chemical  cost 

LB 

162 

0 

0.88 

0 

143 

143 

Heptanol  chemical  cost 

LB 

4674 

0 

0.45 

0 

2103 

CaC12  chemical  cost 

0 

0 

585 

585 

Treated  water  disposal  -  treated  on  site  capital  not  charged 

EA 

1 

0 

15000 

0 

15000 

Plan  and  report  preparation 

$  182,119.50  Initial  PITT  Total 


Final  PITT  (optional) 


28050  Tracer  fluid  volume  (gal)  7  Pore  volumes 

263923.2  Flushing/containment  fluid  volume  (gal)  40  Duration 

330393.6  Extracted  fluid  volume  (gal) 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

84 

0 

no 

0 

Analysis  of  injected  fluid  VOCs 

EA 

84 

0 

40 

3360 

Analysis  of  injected  fluid  Ca 

EA 

624 

0 

no 

0 

68640 

Analysis  of  extracted  fluid 

EA 

182 

0 

no 

20020 

Analysis  from  multilevel  sampling  points 

EA 

6 

0 

170 

0 

Analysis  of  treated  waste 

640 

0 

20160 

0 

20160 

Field  test  technician  labor 

320 

0 

0 

Field  test  professional  labor 

LB 

232 

0 

0.88 

204 

204 

Propanol  chemical  cost 

LB 

232 

0 

0.88 

0 

204 

204 

Methanol  chemical  cost 

LB 

232 

0 

0.88 

204 

204 

4-methyl-2-pentanol  chemical  cost 

LB 

232 

0 

0.88 

0 

204 

204 

Hexanol  chemical  cost 

LB 

162 

0 

0.88 

0 

143 

143 

Heptanol  chemical  cost 

LB 

0 

0.45 

0 

CaC12  chemical  cost 

0 

0.00154 

0 

509 

Treated  water  disposal  -  treated  on  site  capital  not  charged 

EA 

1 

0 

15000 

0 

15000 

Plan  and  report  preparation 

$  164,451.22  Final  PITT  Total 
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Table  B.l.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  2,500  Square  Feet 


Engineering  Design  and  Modeling 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

0 

20000 

0 

20000 

Computer  modeling.  UT  cost 

EA 

1 

0 

49208 

0 

49208 

Plan  development 

$  69,207.69  Engineering  Design  and  Modelling 


Performance  Assessment 


89  Number  of  borings  (3  samples  per  boring) 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

LF 

16 

0 

0 

Soil  borings  4  inch  diameter  hollow  stem 

EA 

1  281| 

0 

no 

1  309101 

Soil  VOC  analyses 

EA 

0 

no 

0 

Ground  water  analyses 

311 

0 

9797 

1 _ 01 

9797 

Sampling  labor 

|EA  1 

1 

1 _ 

30000 

0 

30000 

Plan  and  report  preparation 

$  103,704.91  Performance  Assessment 


Construction  Cost 


Site  Preparation  Site  Preparation 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

SY 

133 

16 

6 

2239 

814 

Equipment  pad 

LF 

140 

5 

2 

742 

237 

979 

Secondary  containment  8  in  curb 

EA 

1 

0 

0 

2280 

Office  trailer  20x8 

LF 

3 

0 

948 

1 _ ^ 

984 

Water  hookup  1  in  PVC 

LF 

7 

10 

2334 

5394 

Electrical  hookup 

EA 

1  n 

250 

263 

1  250 1 

513 

Propane  supply  setup 

LF 

6 

1  4| 

1887 

3192 

Sewer  pipe 

EA 

1  n 

0 

0 

2150 

Sewer  connection  fee 

8412.5895  10131.56  $  18,544.15  Site  Preparation  Total 


DNAPL  Decant  Tank  DNAPL  Decant  Tank 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

39 

41 

7891 

DNAPL  phase  separator  2  gpm 

EA 

1 

189 

616 

199 

616 

815 

0.5 

DNAPL  transfer  pump 

EA 

1 

189 

616 

199 

616 

815 

0.5 

DNAPL  disposal  pump 

EA 

1 

0 

65 

65 

65 

DNAPL  storage  tank  55  gal 

EA 

1 

189 

616 

199 

616 

815 

0.5 

Water  transfer  pump 

637  9764  $  10,401.37  Decant  Tank  Total 
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Table  B.l.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  2,500  Square  Feet 


Air  Stripping  System  Air  Stripping  System 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

0 

686 

0 

686 

Stripper  feed  tank 

EA 

1 

189 

616 

199 

616 

815 

0.5 

Air  stripper  feed  pump  10  gpm 

EA 

1 

0 

435 

0 

435 

435 

Anti-foam  storage  tank  1 10  gal  poly 

EA 

1 

452 

475 

3255 

0.5 

Anti-foam  transfer  pump  1  gph 

EA 

1 

210 

1210 

0.5 

Anti-foam  mixer 

EA 

1 

1  291521 

12436 

41587 

Air  stripper 

EA 

1 

121 

127 

8667 

0.75 

Air  stripper  blower  150  SCFM 

EA 

1 

189 

1  616| 

199 

1  616| 

815 

0.5 

Air  stripper  sump  pump  10  gpm 

13645  43825  $  57,470.50  Air  Stripper  Total 


Stripper  Off-Gas  Treatment  System  Stripper  Off-Gas  Treatment  System 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

1321 

56487 

Catalytic  oxidizer  150  SCFM  recuperative 

EA 

1 

13987 

7882 

21869 

Caustic  scrubber 

EA 

1 

0 

737 

737 

737 

Caustic  mix  tank  500  gal  polypropylene 

EA 

1 

189 

616 

199 

616 

815 

0.5 

Caustic  transfer  pump  10  gpm 

EA 

1 

121 

127 

8667 

0.75 

OG  blower  150  SCFM 

LF 

14 

1 _ «j 

303 

1  868 1 

1171 

OG  stack 

9832  79915  $  89,746.70  Off-Gas  Treatment  System  Total 


Stripper  Bottoms  Biotreatment 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

0 

60200 

0 

60200 

Fixed  film  treatment  unit  1-10  gpm 

EA 

1 

986 

5017 

Boiler 

EA 

1 

113 

1075 

119 

1194 

Heat  exchanger 

EA 

1 

103 

1848 

108 

1956 

0.75 

Air  supply  blower  50  cfm 

EA 

1 

103 

1848 

108 

1956 

0.75 

GAC  supply  blower  50  SCFM 

EA 

2 

59 

435 

124 

870 

994 

GAC  canisters  50  SCFM  110  lb 

LB 

220 

0 

1 

0 

218 

218 

GAC  media 

1494  71076  $  72,570.14  Stripper  Bottoms  Biotreatment  Total 
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Table  B.l.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  2,500  Square  Feet 


Injection  Wells  (assumes  pilot  test  wells  are  used  for  remediation)  Injection  Wells 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

6 

691 

9745 

4144 

13889 

Well  installation  -  outside 

EA 

7 

1  17971 

691 

13207 

18042 

Well  installation  -  inside 

22952  8979  $  31,930.98  Injection  Well  Total 


Extraction  Wells  (assumes  pilot  test  wells  are  used  for  remediation)  Extraction  Wells 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

12 

490 

17759 

23640 

Well  installation  -outside 

EA 

11 

1659 

490 

19167 

1  53911 

Well  installation  -inside 

EA 

23 

350 

8446 

7.59 

Pump  installation 

45372  56122  $  101,494.26  Extraction  Well  Total 


Hydraulic  Control  Wells  Hydraulic  Control  Wells 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

4 

Well  installation  -  outside 

EA 

4 

1  16591 

1  69701 

Well  installation  -  inside 

12889  3921  $  16,810.10  Hydraulic  Control  Well  Total 


Multilevel  sampling  points  Multilevel  sampling  points 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

6 

493 

12358 

15315 

3-Level  sampling  point  installation  -  outside 

EA 

1 

1  25451 

493 

2672 

1  493 1 

3165 

3-Level  sampling  point  installation  -  inside 

15030  3450  $  18,479.70  Multilevel  Sampling  Point  Total 
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Table  B.l.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  2,500  Square  Feet 


Above  ground  piping  Above  ground  piping 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

LF 

2 

831 

138 

969 

Injection  well  piping  1  in  PVC 

LF 

340 

3 

0.88 

896 

299 

1195 

Extraction  well  piping  1  in  chem  resistant 

LF 

240 

2 

0.30 

433 

72 

505 

Hydraulic  control  well  piping  1  in  PVC 

EA 

2 

0 

0 

Filters 

EA 

2 

0 

0 

500 

Mixing  tee 

EA 

1 

0 

500 

0 

500 

In-line  mixer 

EA 

140 

0 

3 

0 

400 

Connectors 

EA 

1 

189 

616 

199 

1  616| 

815 

Water  injection  pump 

EA 

18 

89 

7532 

Flow  control  valves 

EA 

70 

45 

226 

3322 

19142 

Pressure  instruments 

EA 

70 

11 

55 

809 

4659 

SCADA  input  channels 

EA 

70 

9 

45 

662 

3812 

SCADA  output  channels 

EA 

8.75 

34 

170 

312 

SCADA  channel  racks 

EA 

8.75 

45 

225 

413 

2382 

SCADA  brain  boards 

EA 

1 

252 

1452 

SCADA  controller 

EA 

1 

1 _ 

0 

SCADA  programming 

9431  39732  $  49,162.94  Above  Ground  Piping  Total 


Chemical  Addition  System  Chemical  Addition  System 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

452 

2780 

475 

3255 

0.5 

Surfactant  metering  pump  1  gph 

EA 

1 

452 

2780 

475 

3255 

IPA  metering  pump  1  gph 

EA 

1 

452 

2780 

475 

3255 

CaC12  metering  pump  to  water  lines  1  gph 

EA 

1 

452 

2780 

475 

3255 

0.5 

CaC12  metering  pump  to  surfactant  1  gph 

EA 

1 

2366 

248 

2366 

2614 

Surfactant  storage  tank,  4000  gal  plastic 

EA 

1 

3015 

317 

3332 

Alcohol  storage  tank,  5000  gal  plastic 

EA 

1 

36.2 

362 

38 

362 

400 

CaC12  solution  storage  tank,  500  gal  plastic 

EA 

1 

210 

1210 

0.5 

CaC12  solution  mixer 

2711  17863  $  20,574.42  Chem  Add  Total 


Disposal  of  Drill  Cuttings  Disposal  of  Drill  Cuttings 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

CY 

14 

0 

0 

1921 

1921 

Off-site  disposal  of  soil 

0  1921  $  1,921.26  Drill  Cutting  Disposal  Total 
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Table  B.l.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  2,500  Square  Feet 


Site  Restoration  Site  Restoration 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

46 

60 

0 

2898 

0 

2898 

Well  abandonment 

AC 

0.25 

276 

0 

72 

0 

72 

Site  cleanup 

2970  0  $  2,970.41  Site  Restoration  Total 


$  261,888.22  Total  Direct  Capital  -  SEAR 

$  230,188.71  Total  Direct  Capital  -  Effluent  Treatment 


$ 

492,076.93 

Total  Direct  Capital 

7  Power  -  SEAR 

10.59  Power  -  Effluent  Treatment 

17.59  Total  power  consumption  (HP) 

1  Indirect  Capital  Cost  I 

$ 

26,188.82 

Field  .supervision  and  QA  and  H&S  support  -  SEAR 

$ 

26,188.82 

Overhead  and  administration  -  SEAR 

$ 

26,188.82 

Contingency  -  SEAR 

$ 

78,566.47 

Total  Indirect  Capital  -  SEAR 

$ 

23,018.87 

Field  .supervi.sion  and  QA  and  H&S  support  -  Effluent  Treat 

$ 

23,018.87 

Overhead  and  administration  -  Effluent  Treatment 

$ 

23,018.87 

Contingency  -  Effluent  Treatment 

$  69,056.61  Total  Indirect  Capital  -  Effluent  Treatment 


$  147,623.08  Total  Indirect  Capital 

$  340,454.68  Total  Capital  -  SEAR 


$ 

299,245.32 

Total  Capital  -  Effluent  Treatment 

Li 

639,700 

Total  Capita^J 

Table  B.l.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  2,500  Square  Feet 


Operating  and  Maintenance  Costs 

1  PV  water  flood,  5  PV  surfactant  flush,  8  PV  water  flood 
Chemical  costs 

140259.8  Surfactant  fluid  volume  (gal) 
252467.6  Water  flushing  volume  (gal) 
261818.2  Containment  fluid  volume  (gal) 

818181.9  Extracted  fluid  volume  (gal) 


Chemical  costs 

1  Initial  water  flood  duration  (days) 

58  Surf  flush  duration  (days) 

62  Final  water  flood  duration  (days) 

127  Total  duration 


iilli 

mi 

^KlilKI 

TIMM 

$  245,259.43  Chemical  Cost  Total 


Labor  costs  Labor  costs 


Total  cost 

Item  description 

1  17781 

53340 

Operating  labor 

10800 

Monitoring  labor 

1  768 1 

1  70| 

53760 

Professional  labor 

E^^moss&si 

\Lahor  Cost  -  SEAR  \ 

508 

1 

1  1 

1  152401 

Operating  labor 

25 

Monitoring  labor 

[!!^H 

508 

1  70| 

1 

1  1 

1  355601 

Professional  labor 

^^m 

\Labor  Cost  -  Effluent  Treatment  \ 

$  169,450.00  Labor  Cost  Total 


Analysis  costs  -  off-site 


Analysis  costs 


Table  B.l.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  2,500  Square  Feet 


Analysis  costs-  on-site  (Operating  labor  is  included  in  Labor  costs) 


Units 

No  of  units 

Item  cost 

Item  cost 

Total  cost 

Power 

Consumption 

Item  description 

EA 

1 

26000 

26000 

0.5 

On-line  GC  +  autosampler 

EA 

1 

7000 

7000 

Custom-built  sample  port  (switch  device) 

EA 

1 

1500 

1500 

0.8 

Computer 

EA 

5 

250 

1250 

GC  gases 

EA 

19 

50 

950 

Miscellaneous  GC  supplies 

EA 

1 

600 

600 

Backup  GC  column 

EA 

22 

20 

440 

GC  column  liner 

EA 

1 

4125 

4125 

Contigency  supplies/service 

$ 

$ 

$ 

$ 


40,702.08  On-site  Analysis  Cost  -  SEAR 
1,162.92  On-site  Analysis  Cost  -  Effluent  Treatment 

41,865.00  On-site  Analysis  Cost  Total 
71,240.00  Analysis  Cost  Total 


Utilities/misc  Utilities/misc 


Units 

Units  used 

Unit  price 

Item  cost 

Total  cost 

Item  description 

KW-HR 

18865 

0.07 

1321 

Electricity  cost 

$  1,320.55 

Util  -  SEAR 

GAL 

818182 

0.00152 

1244 

Treated  water  discharge  to  POTW 

HR 

2743 

1.43 

3919 

Fuel  cost 

KW-HR 

24070 

0.07 

1685 

Electricity  cost 

EA 

3 

2407 

7221 

Air  stripper  packing  cleaning 

GAL 

818 

0.25 

205 

Scrubber  soln  disposal 

LB 

220 

0.99 

218 

Biotreatment  OG  GAC  replacement 

DRUM 

3 

89 

266 

Biotreatment  sludge  disposal 

$  14,757 

Util  -  Effluent  Treatment 

$  16,077  Utilities/Misc  Total 


$  431,801  Total  O&M  -  SEAR 

$  70,226  Total  O&M  -  Effluent  Treatment 

$  502,027  Total  O&M 


$  25,000 

$  25,000 

$  51,098 

$  79,836 

$  69,208 


Surfactant  Testing 

Bench-Scale  Abovegrnd  Testing  -  Eff  Treat 
Preliminary  Field  Testing 
CITT/Free-Phase  Recovery 
Engineering  Design  and  Modeling 


$  997,397  Total  Cost  -  SEAR 

$  393,308  Total  Cost  -  Effluent  Treatment 

I  $  1,391,868  Total  Cost  | 
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Table  B.l.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  2,500  Square  Feet 


Unit  Costs  for  Remediation 

2,500  Area(SF) 

1019  Volume  (CY) 

441  Volume  of  DNAPL  (gal) 

$557  Unit  cost  ($/SF) 

$1,367  Unit  cost  ($/CY) 

$3,156  Unit  cost  ($/gal  DNAPL) 

Unit  Costs  for  Source  Zone  Characterization 

$ 

47,43 1  Source  Zone  Characterization 

2,500  Area{SF) 

1019  Volume  (CY) 

441  Volume  of  DNAPL  (gal) 

$19  Unit  cost  ($/SF) 

$47  Unit  cost  ($/CY) 

$108  Unit  cost  ($/gal  DNAPL) 

Unit  Costs  for  Performance  Assessment 

$ 

103,705  Performance  Assessment 

2500  Area  (SF) 

1019  Volume  (CY) 

441  Volume  of  DNAPL  (gal) 

$41  Unit  cost  ($/SF) 

$102  Unit  cost  ($/CY) 

$235  Unit  cost  ($/gal  DNAPL) 

Note: 

Acronyms 

AC 

Acre 

LB 

Pound 

CY 

Cubic  yard 

LF 

Linear  foot 

DRU 

Drum 

EA 

Each 

GAL 

Gallon 

HR 

Hour 

KW-HR 

Kilowatt-hour 

$  1,543,004  Full-Scale  SEAR  System  Total  Cost 
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Table  B.2.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  2,500  Square  Feet:  SEAR  Cost  Detail 


Sewer  hook 


Labor 

1.74 

Materials 

4.35 

Sewer  pipe  4  in 

4.25 

0 

Trench  2  ft  wide  x  4  ft  deep 

5.99 

4.35 

Total  Sewer  Hookup  Cost 

[Air  Stripper 


3  Dia  (ft) 

17.5  Height  (ft)  123.7005  Packing  vol  (CF) 

Labor 

Materials 

2407 

0 

Packing  reconditioning 

5914 

18550 

3  ft  dia  X  17.5  ft  packing 

0 

4612 

Tower  internals 

1221 

4076 

Controls 

4709 

0 

Installation 

0 

1914 

Packing 

11843 

29152  Total  Tower  Cost 

Caustic  Scrubber  | 

1  Dia  (ft) 

14.5  Height  (ft)  11.3883  Packing  vol  (CF) 

Labor 

Materials 

1  ft  dia  X  14.5  ft  packing 

Tower  internals 

Controls 

Installation 

Packing 

2879 

6660 

0 

3075 

1221 

4076 

3407 

0 

0 

176 

7507  13987  Total  Tower  Cost 


[Extraction  or  hydraulic  control  well  outside 


#  of  units 

Units 

Unit  labor 

Unit  mats 

Labor 

Materials 

10 

LF 

61 

24 

605 

238 

10 

LF 

6 

1 

61 

10 

1 

EA 

18 

36 

18 

36 

17 

LF 

11 

3 

192 

44 

3 

LF 

102 

8 

306 

25 

1 

EA 

228 

137 

228 

137 

1409 

490 

Item 

Stainless  steel  screen  2  in 
PVC  riser  2  in 
Stainless  steel  end  cap 
Gravel  pack 
Well  seal 

Well  surface  finish 

Unit  cost  for  ext  or  HC  well  outside 


1900  Total  cost 


95  Cost  per  foot 


[Extraction  or  hydraulic  control  well  inside 


#  of  units 

Units 

Unit  labor 

Unit  mats 

Labor 

Materials 

1 

EA 

50 

0 

50 

0 

1 

EA 

200 

0 

200 

0 

10 

LF 

61 

24 

605 

238 

10 

LF 

6 

1 

61 

10 

1 

EA 

18 

36 

18 

36 

17 

LF 

11 

3 

192 

44 

3 

LF 

102 

8 

306 

25 

1 

EA 

228 

137 

228 

137 

1659 

490 

Item 

Concrete  core,  est 

Setup  low  profile  drilling  rig,  est 

Stainless  steel  screen  2  in 

PVC  riser  2  in 

Stainless  steel  end  cap 

Gravel  pack 

Well  seal 

Well  surface  finish 

Unit  cost  for  ext  or  HC  well  inside 


2150  Total  cost 


107  Cost  per  foot 
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Table  B.2.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  2,500  Square  Feet:  SEAR  Cost  Detail 


I  Injection  well  outside 


#  of  units 

Units 

Unit  labor 

Unit  mats 

Labor 

Materials 

10 

LF 

61 

24 

605 

238 

10 

LF 

6 

1 

61 

10 

1 

EA 

18 

36 

18 

36 

20 

LF 

4 

8 

87 

151 

1 

EA 

50 

50 

50 

50 

17 

LF 

11 

3 

192 

44 

3 

LF 

102 

8 

306 

25 

1 

EA 

228 

137 

228 

137 

1547 

691 

Item 

Stainless  steel  screen  2  in 
PVC  riser  2  in 
Stainless  steel  end  cap 
Injection  pipe  1  in  SS 
Packer 
Gravel  pack 
Well  seal 

Well  surface  finish 

Unit  cost  for  injection  well  outside 


2238  Total  cost 
112  Cost  per  foot 


[injection  well  inside 


#  of  units 

Units 

Unit  labor 

Unit  mats 

Labor 

Materials 

1 

EA 

50 

50 

0 

1 

EA 

200 

0 

200 

0 

10 

LF 

61 

24 

605 

238 

10 

LF 

6 

1 

61 

10 

1 

EA 

18 

36 

18 

36 

20 

LF 

4 

8 

87 

151 

1 

EA 

50 

50 

50 

50 

17 

LF 

11 

3 

192 

44 

3 

LF 

102 

8 

306 

25 

1 

EA 

228 

137 

228 

137 

1797 

691 

Item 

Concrete  core,  est 

Setup  low  profile  drilling  rig,  est 

Stainless  steel  screen  2  in 

PVC  riser  2  in 

Stainless  steel  end  cap 

Injection  pipe  1  in  SS 

Packer 

Gravel  pack 

Well  seal 

Well  surface  finish 

Unit  cost  for  injection  well  inside 


2488  Total  cost 
124  Cost  per  foot 


3-level  sampling  point  outside 


#  of  units 

Units 

Unit  labor 

Unit  mats 

Labor 

Materials 

20 

LF 

17 

0 

333 

0 

3 

EA 

30 

30 

90 

90 

20 

LF 

4 

8 

87 

151 

9 

LF 

11 

3 

102 

23 

11 

LF 

102 

8 

1122 

92 

1 

EA 

228 

137 

228 

137 

1962 

493 

Item 

Drill  8  in  dia  hollow  stem 
Sampling  screens 
Sampling  pipe  1  in  SS 
Gravel  pack 
Well  seal 

Well  surface  finish 

Unit  cost  for  3-lvl  monitoring  point  outside 


2454  Total  cost 


123  Cost  per  foot 


3-level  monitoring  point  inside 


#  of  units 

Units 

Unit  labor 

Unit  mats 

Labor 

Materials 

1 

EA 

50 

50 

0 

1 

EA 

200 

0 

200 

0 

20 

LF 

33 

0 

666 

0 

3 

EA 

30 

30 

90 

90 

20 

LF 

4 

8 

87 

151 

9 

LF 

11 

3 

102 

23 

11 

LF 

102 

8 

1122 

92 

1 

EA 

228 

137 

228 

137 

2545 

493 

Item 

Concrete  core,  est 

Setup  low  profile  drilling  rig,  est 

Drill  8  in  dia  hollow  stem 

Sampling  screens,  est 

Sampling  pipe  1  in  SS 

Gravel  pack 

Well  seal 

Well  surface  finish 

Unit  cost  for  3-lvl  monitoring  point  inside 


3037  Total  cost 


152  Cost  per  foot 
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Table  B.3.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  2,500  Square  Feet:  Summary  of  General  Conditions 


General  Conditions 

Value 

Units 

Contaminant  to  be  remediated 

PCE 

Total  area  to  be  remediated 

2,500 

ft''2 

Number  of  Panels  for  remediation 

1 

Depth  to  groundwater 

7 

ftbgs 

Depth  to  aquitard 

20 

ft  bgs 

Saturated  thickness 

11 

ft 

Swept  thickness 

5 

ft 

Porosity 

0.3 

[-] 

Hydraulic  conductivity 

l.OOE-06 

m/sec 

Total  volume 

27,500 

fC3 

1,019 

cubic  yards 

205,714 

gallons 

Swept  volume 

12,500 

ft''3 

93,507 

gallons 

Total  area  of  one  panel 

2,500 

ft''2 

Swept  volume  of  one  panel 

12,500 

ft''3 

93,507 

gallons 

Swept  pore  volume  of  one  panel 

3,750 

ft''3 

28,052 

gallons 

Number  of  injection  wells  per  panel 

14 

Number  of  extraction  wells  per  panel 

24 

Number  of  hydraulic  control  wells  per  panel 

8 

Number  of  monitoring  points  per  panel 

7 

Labor  requirement  =  2  technicians  and  1  professional  for  8  hrs/day 

DNAPL  preflush  water  flooding  conducted  to  flush  1  pore 
volume  (PV) 

28,050 

gallons 

Well 

Flow  Rate 
per  Well 

Total  Flow 

(gpm) 

(gpm) 

Injection  -  upper  section 

0.08 

1.12 

Injection  -  lower  section 

0.13 

1.86 

Hydraulic  control 

0.2 

1.6 

Extraction 

0.24 

5.74 

Treatment  zone  injection  rate 

1.86 

gpm 

Total  injection  rate 

4.58 

gpm 

Total  extraction  rate 

5.74 

gpm 

Time  per  Pore  Volume 

15,065 

minutes 

10.5 

days* 

Notes 


(Lower  portion  of  aquifer) 


Conversion  (this  is  the  bulk  volume  expressed  as  gallons) 
Conversion 


Conversion 

Conversion 


Injected 


Composition 

0.185%  CaC12 
0.185%  CaC12 
0.185%  CaC12 

Produced  fluid  containing  100  mg/L  of  dissolved  PCE 
and  free-phase  DNAPL 


*This  calculation  assumes  constant  injection  rates,  which  will  actually  vary  depending 
on  whether  surfactant  or  water  is  being  injected.  For  simplicity,  the  surfactant  and 
water  flooding  durations  used  in  the  cost  estimates  were  based  on  the  ESTCP  demonstration 
design  and  results. 
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Table  B.4.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  2,500  Square  Feet:  SEAR  Equipment  Sizing 


\Assumptions 


Surfactant  soln  flow  per  well  (gpm) 
Number  of  surfactant  wells 
Number  of  days  of  surfactant  operation 
Extraction  well  flow  (gpm) 

Number  of  extraction  wells 
Air  stripper  inlet  water  flow  (gpm) 
Propane  cost  ($/lb) 

Propane  heating  value  (BTU/lb) 


\Surfactant  chemical  use 


Total  quantity  used  to  calculate  chemical  costs  Used  to  size  storage  tanks 


Chemical  storage  requirement  (days) 

Surfactant  solution  used  per  batch  (gal) 

Active  surfactant  cone 

IPA  cone 

CaC12  cone 

Soln  density  (Ib/gal) 

Surfactant  density  (Ib/gal) 

Surfactant  activity 
IPA  stock  density  (Ib/gal) 

IPA  stock  cone 


Amount  of  active  surfactant  used  (lbs) 
Amount  of  surfactant  stock  soln  used  (gals) 
Amount  of  IPA  stock  soln  used  (gals) 
Amount  of  CaC12  used  (lbs) 


\Air  stripper  and  cat  ox  design 


Inlet  concentration  (mg/L) 

Stripper  loading  rate  based  on  Lowe  et  al  2000  p  69 

Removal  efficiency 

Molecular  weight  of  compound 

Gas  to  liquid  volumetric  flow  ratio 

Maximum  cone  at  inlet  to  cat  ox  unit  (ppmv) 

Oxidizer  heat  load  (BTU/hr/SCFM) 


Stripper  diameter  (ft) 


Mass  flow  of  contaminant  (grams/min) 

Molar  flow  of  contaminant  (moles/min) 

Required  molar  air  flow  (moles/min) 

Required  air  flow  to  dilute  contaminat  (SCFM) 

Required  air  flow  for  stripper  (SCFM) 

Use  larger  of  the  two  required  flows  (SCFM) 

Calc  fuel  cost  assuming  the  halocarbon  provides  no  heat  input 
Fuel  cost  for  cat  ox  unit  ($/hr) 


1500 

1.4 

0.90 

165.8 

40 

1500 

375 

2.289 

29.43 

0.18 

118 

101 

31 

101 

0.437 

10 


160877 

Total  surfactant  solution  used  (gal) 

26813 

0.040 

Active  surfactant  cone 

0.040 

0.160 

IPA  cone 

0.160 

0.002 

CaC12  cone 

0.002 

8.12 

Soln  density  (Ib/gal) 

8.12 

9.16 

Surfactant  density  (Ib/gal) 

9.16 

0.31 

Surfactant  activity 

0.31 

6.94 

IPA  stock  density  (Ib/gal) 

6.94 

0.80 

IPA  stock  cone 

0.99 

52248 

Amount  of  active  surfactant  used  (lbs) 

8708 

18526 

Amount  of  surfactant  stock  soln  used  (gals) 

3088 

37621 

Amount  of  IPA  stock  soln  used  (gals) 

5067 

2416 

Amount  of  CaC12  used  (lbs) 

403 
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Table  B.4.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  2,500  Square  Feet:  SEAR  Equipment  Sizing 


\Biotreatment  heater  design 


50 

80 

1.00 


0.992 


Inlet  temperature  (F) 

Outlet  temp  (F) 

Heat  capacity  of  water  (BTU/lb) 

Biotreatment  heater  fuel  cost  ($/hr) 


I  Cutting  volume  ~ 


Well  type 

Number  of 

wells 

Well  depth 
(ft) 

Bore  hole 
diameter  (in) 

Volume  of 
cuttings  per 
well  (CF) 

Total  volume 
of  cuttings 
(CY) 

Injection 

14 

20 

8 

7.0 

3.6 

Extraction 

24 

20 

8 

7.0 

6.2 

Hydraulic  cont 

8 

20 

8 

7.0 

2.1 

Monitoring 

7 

20 

8 

7.0 

1.8 

13.7  Total  cutting  volume  (CY) 
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Table  B.5.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  One-Half  Acre 


Assumptions 


Adjustment  to  correct  labor  to  safety  level  D 
1.05 

20,000  square  footage 

Number  of  wells  needed  to  remediate  a  single  panel  comprising  2500  ft  ^ 


8  number  of  panels 

Number  of 

Well  depth 

wells 

(ft) 

Well  type 

14 

20 

Injection 

24 

20 

Extraction 

8 

20 

Hydraulic  control 

7 

20 

Mulltlevel  sampling  points 

□NAPL  Source  Zone  Characterization 


160  Number  of  borings 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

0 

2400 

0 

2400 

2400 

Mob/demob  CPT  rig 

EA 

50 

0 

250 

0 

12500 

12500 

CPT  pushes 

LF 

3200 

15.89 

0 

53390.4 

0 

53390.4 

Soil  borings  4  Inch  diameter  hollow  stem  auger 

EA 

480 

0 

110 

0 

52800 

52800 

Soil  VOC  analyses 

EA 

5 

0 

70 

0 

350 

350 

Geotech  analyses 

EA 

50 

0 

110 

0 

5500 

5500 

Ground  water  analyses  VOC 

EA 

16 

0 

50 

0 

800 

800 

Ground  water  analyses  cation/anion 

EA 

5 

0 

175 

0 

875 

875 

Soil  XRD  analysis 

EA 

5 

0 

30 

0 

150 

150 

Soil  foe  and  moisture  content  analysis 

HR 

530 

30 

0 

16695 

0 

16695 

Sampling  labor 

EA 

1 

0 

10000 

0 

10000 

10000 

Plan  and  report  preparation 

$  155,460.40  Source  Zone  Characterization  Total 


Surfactant  Selection 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

0 

10000 

0 

10000 

10000 

Surfactant  phase  behavior  testing 

EA 

1 

0 

10000 

0 

10000 

10000 

Soil  column  test 

EA 

1 

0 

5000 

0 

5000 

5000 

Plan  and  report  preparation 

$  25,000.00  Surfactant  Selection  Total 
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Table  B.5.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  One-Half  Acre 


Bench-Scale  Aboveground  Treatment  Equipment  Testing 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

1 

0 

10000 

0 

10000 

10000 

Air  stripper  test 

1^ 

1 

0 

10000 

0 

10000 

10000 

Biodegradation  test 

1^ 

1 

0 

5000 

0 

5000 

5000 

Plan  and  report  preparation 

$  25,000.00  Bench-Scale  Equipment  Testing  Total 


Preliminary  Field  Testing 


2200  Flush  fluid  volume  (gal) 

6600  Containment  fluid  volume  (gal)  16.0  Duration  (days) 

11000  Extracted  fluid  volume  (gal) _ 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

1 

1 546.86 

1624.203 

2314.883 

Injection  well  installation  -  outside 

1^ 

2 

1409.46 

490.08 

2959.866 

980.16 

3940.026 

Extraction  well  installation  -  outside 

1^ 

1 

349.75 

1950 

367.2375 

1950 

2317.2375 

Pump  installation 

1^ 

2 

1409.46 

490.08 

2959.866 

980.16 

3940.026 

Hydraulic  control  well  installation  -  outside 

BliM 

255.69503 

30 

0 

8054.393305 

0 

8054.3933 

Field  test  technician  labor 

BliM 

127.84751 

70 

0 

9396.79219 

0 

9396.7922 

Field  test  professional  labor 

Da 

732.512 

3 

2197.536 

Surfactant 

Da 

2930.048 

0.32 

937.61536 

IPA 

Da 

135.51472 

0.45 

60.981624 

CaCI2 

1^ 

22 

0 

110 

0 

2420 

2420 

Analysis  of  injected  fluid 

1^ 

22 

0 

110 

0 

2420 

2420 

Analysis  of  extracted  fluid 

1^ 

1 

0 

2000 

0 

2000 

2000 

Waste  disposal  off  site 

1^ 

1 

0 

10000 

0 

10000 

10000 

Plan  and  report  preparation 

$  49,999.49  Preliminary  Field  Testing  Total 


CITT/Free-Phase  Recovery 


84150  Flush  fluid  volume  (gal)  3  Pore  volumes 

70427.077  Containment  fluid  volume  (gal)  31.4  Duration 

193221.35  Extracted  fluid  volume  (gal) _ 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

219.70512 

0 

26 

0 

5712.33 

5712.3332 

Analysis  of  injected  fluid 

1^ 

564.95603 

0 

40 

0 

22598.2 

22598.241 

Analysis  of  extracted  fluid 

1^ 

5 

0 

170 

0 

850 

850 

Analysis  of  treated  waste 

BBM 

502.18314 

30 

0 

15818.7688 

0 

15818.769 

Field  test  technician  labor 

BBM 

251.09157 

70 

0 

18455.23026 

0 

18455.23 

Field  test  professional  labor 

Da 

2380.3942 

0 

0.45 

0 

■liWIil 

1071.1774 

CaCI2  chemical  cost 

Da 

72 

0 

0.45 

0 

32.4 

32.4 

NaBr  tracer  chemical  cost 

193221.35 

0 

0.00154 

0 

297.561 

297.56087 

Treated  water  disposal  -  treated  on  site  capital  not  charged 

1^ 

1 

0 

15000 

0 

15000 

15000 

Plan  and  report  preparation 

$  79,835.71  CITT/Free-Phase  Recovery  Total 
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Table  B.5.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  One-Half  Acre 


Initial  PITT  (optional) 

28050  Tracer  fluid  volume  (gal)  7.5  Pore  volumes 

-28050  Flushing/containment  fluid  volume  (gal)  78.5  Duration 


0  Extracted  fluid  volume  (gal) 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

84 

0 

110 

0 

9240 

9240 

Analysis  of  injected  fluid  VOCs 

1^ 

168 

0 

40 

0 

6720 

6720 

Analysis  of  injected  fluid  Ca 

1^ 

1104 

0 

110 

0 

121440 

121440 

Analysis  of  extracted  fluid 

1^ 

322 

0 

110 

0 

35420 

35420 

Analysis  from  multilevel  sampling  points 

1^ 

12 

0 

170 

0 

2040 

2040 

Analysis  of  treated  waste 

BliM 

1255.4578 

30 

0 

39546.92199 

0 

39546.922 

Field  test  technician  labor 

BliM 

627.72892 

70 

0 

46138.07566 

0 

46138.076 

Field  test  professional  labor 

Da 

231.89484 

0 

0.88 

0 

204.067 

204.06746 

Propanol  chemical  cost 

Da 

231.89484 

0 

0.88 

0 

204.067 

204.06746 

Methanol  chemical  cost 

Da 

231.89484 

0 

0.88 

0 

204.067 

204.06746 

4-methyl-2-pentanol  chemical  cost 

Da 

231.89484 

0 

0.88 

0 

204.067 

204.06746 

Hexanol  chemical  cost 

Da 

162.32639 

0 

0.88 

0 

142.847 

142.84722 

Heptanol  chemical  cost 

Da 

0 

0 

0.45 

0 

0 

0 

CaCI2  chemical  cost 

^9 

0 

0 

0.00154 

0 

0 

0 

Treated  water  disposal  -  treated  on  site  capital  not  charged 

1^ 

1 

0 

15000 

0 

15000 

15000 

Plan  and  report  preparation 

$  276,504.11  Initial  PITT  Total 


Final  PITT  (optional) 

28050  Tracer  fluid  volume  (gal)  7  Pore  volumes 

483210.66  Flushing/containment  fluid  volume  (gal)  73.2  Duration 

_ 0  Extracted  fluid  volume  (gal) _ 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

84 

0 

110 

0 

9240 

9240 

Analysis  of  injected  fluid  VOCs 

1^ 

154 

0 

40 

0 

6160 

6160 

Analysis  of  injected  fluid  Ca 

1^ 

1032 

0 

110 

0 

113520 

113520 

Analysis  of  extracted  fluid 

1^ 

301 

0 

110 

0 

33110 

33110 

Analysis  from  multilevel  sampling  points 

1^ 

11 

0 

170 

0 

1870 

1870 

Analysis  of  treated  waste 

BBM 

1171 .7607 

30 

0 

36910.46053 

0 

36910.461 

Field  test  technician  labor 

BliM 

585.88033 

70 

0 

43062.20395 

0 

43062.204 

Field  test  professional  labor 

Da 

231.89484 

0 

0.88 

0 

204.067 

204.06746 

Propanol  chemical  cost 

Da 

231.89484 

0 

0.88 

0 

204.067 

204.06746 

Methanol  chemical  cost 

Da 

231.89484 

0 

0.88 

0 

204.067 

204.06746 

4-methyl-2-pentanol  chemical  cost 

Da 

231.89484 

0 

0.88 

0 

204.067 

204.06746 

Hexanol  chemical  cost 

Da 

162.32639 

0 

0.88 

0 

142.847 

142.84722 

Heptanol  chemical  cost 

Da 

7873.1074 

0 

0.45 

0 

3542.9 

3542.8983 

CaCI2  chemical  cost 

^9 

0 

0 

0.00154 

0 

0 

0 

Treated  water  disposal  -  treated  on  site  capital  not  charged 

1^ 

1 

0 

15000 

0 

15000 

15000 

Plan  and  report  preparation 

$  263,374.68  Final  PITT  Total 
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Table  B.5.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  One-Half  Acre 


Engineering  Design  and  Modeling 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

1 

0 

20000 

0 

20000 

Computer  modeiing,  UT  cost 

1^ 

1 

0 

49,207.69 

0 

I  49207.7 1 

49207.693 

Plan  development 

$  69,207.69  Engineering  Design  and  Modelling 


Performance  Assessment 

160  Number  of  borings  (3  samples  per  boring) 


CD 

Unit  labor 

Unit  mat 

Power 

iBina 

no  of  units 

cost 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

consumption 

Item  description 

OB 

3200 

15.89 

0 

53390.4 

0 

53390.4 

Soil  borings  4  inch  diameter  hollow  stem 

1^ 

504 

0 

110 

0 

55440 

55440 

Soli  VOC  anaiyses 

1^ 

160 

0 

110 

0 

17600 

17600 

Ground  water  analyses 

664 

30 

0 

20916 

0 

20916 

Sampling  labor 

1 

0 

30000 

0 

30000 

Plan  and  report  preparation 

$  177,346.40  Performance  Assessment 


Construction  Cost 

Site  Preparation  Site  Preparation 


CD 

Unit  labor 

Unit  mat 

Power 

nma 

No  of  units 

cost 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

consumption 

Item  description 

133 

16.03 

6.12 

2238.5895 

813.96 

3052.5495 

Equipment  pad 

QB 

140 

5.05 

1.69 

742.35 

236.6 

978.95 

Secondary  containment  8  in  curb 

1^ 

1 

0 

2280 

0 

2280 

2280 

Office  trailer  20x8 

OB 

300 

3.01 

0.12 

948.15 

36 

984.15 

Water  hookup  1  in  PVC 

QB 

300 

7.41 

10.2 

2334.15 

3060 

5394.15 

Electrical  hookup 

1^ 

1 

250 

250 

262.5 

250 

512.5 

Propane  supply  setup 

300 

5.99 

4.35 

1886.85 

1305 

3191.85 

Sewer  pipe 

1 

0 

2150 

0 

2150 

2150 

Sewer  connection  fee 

8412.5895  10131.6  $  18,544.15  Site  Preparation  Total 


DNAPL  Decant  Tank  DNAPL  Decant  Tank 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

Item  description 

1^ 

1 

39.22 

7850 

41.181 

7850 

7891.181 

consumption 

DNAPL  phase  separator  2  gpm 

1^ 

1 

189.21 

616.45 

198.6705 

616.45 

815.1205 

0.5 

DNAPL  transfer  pump 

1^ 

1 

189.21 

616.45 

198.6705 

616.45 

815.1205 

0.5 

DNAPL  disposal  pump 

1^ 

1 

0 

64.83 

0 

64.83 

64.83 

DNAPL  storage  tank  55  gal 

1^ 

1 

189.21 

616.45 

198.6705 

616.45 

815.1205 

0.5 

Water  transfer  pump 

637.1925  9764.18  $  10,401.37  Decant  Tank  Total 
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Table  B.5.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  One-Half  Acre 


Air  Stripping  System _ Air  Stripping  System 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

1 

0 

685.94 

0 

685.94 

685.94 

Stripper  feed  tank 

1^ 

1 

189.21 

616.45 

198.6705 

616.45 

815.1205 

0.5 

Air  stripper  feed  pump  1 0  gpm 

1^ 

1 

0 

434.96 

0 

434.96 

434.96 

Anti-foam  storage  tank  1 10  gal  poly 

1^ 

1 

452 

2780 

474.6 

2780 

3254.6 

0.5 

Anti-foam  transfer  pump  1  gph 

1^ 

1 

200 

1000 

210 

1000 

1210 

0.5 

Anti-foam  mixer 

1^ 

1 

11843.47 

29151.647 

12435.6435 

29151.6 

41587.29 

Air  stripper 

1^ 

1 

121.4 

8540 

127.47 

8540 

8667.47 

0.75 

Air  stripper  blower  1 50  SCFM 

1^ 

1 

189.21 

616.45 

198.6705 

616.45 

815.1205 

0.5 

Air  stripper  sump  pump  1 0  gpm 

13645.0545  43825.4  $  57,470.50  Air  Stripper  Total 


Stripper  Off-Gas  Treatment  System _ Stripper  Off-Gas  Treatment  System 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

1 

1257.78 

55166 

1320.669 

55166 

56486.669 

Catalytic  oxidizer  150  SCFM  recuperative 

1^ 

1 

7506.59 

13987.177 

7881.9195 

13987.2 

21869.097 

Caustic  scrubber 

1^ 

1 

0 

737.31 

0 

737.31 

737.31 

Caustic  mix  tank  500  gal  polypropylene 

1^ 

1 

189.21 

616.45 

198.6705 

616.45 

815.1205 

0.5 

Caustic  transfer  pump  10  gpm 

1^ 

1 

121.4 

8540 

127.47 

8540 

8667.47 

0.75 

OG  blower  1 50  SCFM 

OB 

20 

14.43 

43.4 

303.03 

868 

1171 .03 

OG  stack 

9831.759  79914.9  $  89,746.70  Off-Gas  Treatment  System  Total 


Stripper  Bottoms  Biotreatment 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

1 

0 

60,200 

0 

60200 

60200 

Fixed  film  treatment  unit  1  -10  gpm 

1^ 

1 

985.68 

5017 

1034.964 

5017 

6051 .964 

Boiler 

1^ 

1 

113 

1075 

118.65 

1075 

1193.65 

Heat  exchanger 

1^ 

1 

1 03.23 

1848 

108.3915 

1848 

1956.3915 

0.75 

Air  supply  blower  50  cfm 

1^ 

1 

1 03.23 

1848 

108.3915 

1848 

1956.3915 

0.75 

GAC  suppiy  blower  50  SCFM 

1^ 

2 

59.02 

435 

123.942 

870 

993.942 

GAC  canisters  50  SCFM  1 10  ib 

Da 

220 

0 

0.99 

0 

217.8 

217.8 

GAC  media 

1494.339  71075.8  $  72,570.14  Stripper  Bottoms  Biotreatment  Total 


Injection  Wells  (assumes  pilot  test  wells  are  used  for  remediation) _ Injection  Wells 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

6 

1546.86 

9745.218 

4144.08 

13889.298 

Well  installation  -  outside 

1^ 

7 

1 796.86 

13206.921 

4834.76 

18041.681 

Well  installation  -  inside 

22952.139  8978.84  $  31,930.98  Injection  Well  Total 


B-21 


Table  B.5.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  One-Half  Acre 


Extraction  Wells  (assumes  pilot  test  wells  are  used  for  remediation) _ Extraction  Wells 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

12 

1409.46 

490.08 

17759.196 

mm 

23640.156 

Well  installation  -outside 

1^ 

11 

1 659.46 

490.08 

19166.763 

24557.643 

Well  installation  -inside 

1^ 

23 

349.75 

1950 

8446.4625 

1  44850 

53296.463 

7.59 

Pump  installation 

45372.4215  56121.8  $  101,494.26  Extraction  Well  Total 


Hydraulic  Control  Wells _ Hydraulic  Control  Wells 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

4 

1409.46 

490.08 

5919.732 

1960.32 

7880.052 

Well  installation  -  outside 

1^ 

4 

1 659.46 

490.08 

6969.732 

1960.32 

8930.052 

Well  installation  -  inside 

12889.464  3920.64  $  16,810.10  Hydraulic  Control  Well  Total 


Multilevel  sampling  points _ Multilevel  sampling  points 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

6 

1961.55 

12357.765 

2957.28 

15315.045 

3-Level  sampling  point  installation  -  outside 

1^ 

1 

2544.55 

2671 .7775 

3164.6575 

3-Level  sampling  point  installation  -  inside 

15029.5425  3450.16  $  18,479.70  Multilevel  Sampling  Point  Total 


Above  ground  piping _ Above  ground  piping 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

construction 

Item  description 

460 

1.72 

0.3 

830.76 

138 

968.76 

Injection  well  piping  1  in  PVC 

340 

2.51 

0.88 

896.07 

299.2 

1195.27 

Extraction  well  piping  1  in  chem  resistant 

240 

1.72 

0.3 

433.44 

72 

505.44 

Hydraulic  control  well  piping  1  in  PVC 

1^ 

2 

0 

500 

0 

1000 

1000 

Filters 

1^ 

2 

0 

250 

0 

500 

500 

Mixing  tee 

1^ 

1 

0 

500 

0 

500 

500 

In-line  mixer 

1^ 

140 

0 

2.86 

0 

400.4 

400.4 

Connectors 

1^ 

1 

189.21 

616.45 

198.6705 

616.45 

815.1205 

0.5 

Water  injection  pump 

1^ 

70 

17.71 

89 

1301.685 

6230 

7531 .685 

Flow  control  valves 

1^ 

70 

45.2 

226 

3322.2 

15820 

19142.2 

Pressure  instruments 

70 

11 

55 

808.5 

3850 

4658.5 

SCADA  input  channels 

1^ 

70 

9 

45 

661.5 

3150 

3811.5 

SCADA  output  channels 

1^ 

8.75 

34 

170 

312.375 

1487.5 

1799.875 

SCADA  channel  racks 

1^ 

8.75 

45 

225 

413.4375 

1968.75 

2382.1875 

SCADA  brain  boards 

1^ 

1 

240 

1200 

252 

1200 

1452 

SCADA  controller 

1^ 

1 

0 

2500 

0 

2500 

2500 

SCADA  programming 

9430.638  39732.3  $  49,162.94  Above  Ground  Piping  Total 
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Table  B.5.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  One-Half  Acre 


Chemical  Addition  System _ Chemical  Addition  System 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

1 

452 

2780 

474.6 

2780 

3254.6 

0.5 

Surfactant  metering  pump  1  gph 

1^ 

1 

452 

2780 

474.6 

2780 

3254.6 

0.5 

IPA  metering  pump  1  gph 

1^ 

1 

452 

2780 

474.6 

2780 

3254.6 

0.5 

CaCI2  metering  pump  to  water  lines  1  gph 

1^ 

1 

452 

2780 

474.6 

2780 

3254.6 

0.5 

CaCI2  metering  pump  to  surfactant  1  gph 

1^ 

1 

236.6 

2366 

248.43 

2366 

2614.43 

Surfactant  storage  tank,  4000  gal  plastic 

1^ 

1 

301.5 

3015 

316.575 

3015 

3331 .575 

Alcohol  storage  tank,  5000  gal  plastic 

1^ 

1 

36.2 

362 

38.01 

362 

400.01 

CaCI2  solution  storage  tank,  500  gal  plastic 

1^ 

1 

200 

1000 

210 

1000 

1210 

0.5 

CaCI2  solution  mixer 

2711.415  17863  $  20,574.42  Chem  Add  Total 


Disposal  of  Drill  Cuttings _ Disposal  of  Drill  Cuttings 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

13.723292 

0 

140 

0 

1921.26 

1921.2609 

Off-site  disposal  of  soil 

0  1921.26  $  1,921.26  Drill  Cutting  Disposal  Total 


Site  Restoration  Site  Restoration 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

46 

60 

0 

2898 

0 

2898 

Well  abandonment 

[jJiH 

0.25 

275.84 

0 

72.408 

0 

72.408 

Site  cleanup 

2970.408  0  $  2,970.41  Site  Restoration  Total 


$ 

1 

$ 


261 ,888.22  Total  Direct  Capital  -  SEAR 
230,188.71  Total  Direct  Capital  -  Effluent  Treatment 

492,076.93  Total  Direct  Capital 


7  Power  -  SEAR 

1 0.59  Power  -  Effluent  Treatment 

1 7.59  Total  power  consumption  (HP) 
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Table  B.5.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  One-Half  Acre 


Indirect  Capital  Cost 

$ 

26,188.82 

Field  supervision  and  QA  and  H&S  support  -  SEAR 

$ 

26,188.82 

Overhead  and  administration  -  SEAR 

$ 

26,188.82 

Contingency  -  SEAR 

$ 

78,566.47 

Total  Indirect  Capital  -  SEAR 

$ 

23,018.87 

Field  supervision  and  QA  and  H&S  support  -  Effluent  Treat 

$ 

23,018.87 

Overhead  and  administration  -  Effluent  Treatment 

$ 

23,018.87 

Contingency  -  Effluent  Treatment 

$ 

69,056.61 

Total  Indirect  Capital  -  Effluent  Treatment 

$ 

147,623.08 

Total  Indirect  Capital 

$ 

340,454.68 

Total  Capital  -  SEAR 

$ 

299,245.32 

Total  Capital  -  Effluent  Treatment 

|T~ 

639,700.01 

Total  Capital  | 

Operating  and  Maintenance  Costs 

1  PV  water  flood,  5  PV  surfactant  flush,  8  PV  water  flood 
Chemical  costs 

140259.75  Surfactant  fluid  volume  (gal) 
252467.55  Water  flushing  volume  (gal) 
261818.2  Containment  fluid  volume  (gal) 

81 81 81 .88  Extracted  fluid  volume  (gal) 


Chemical  costs 


7  Initial  water  flood  duration  (days) 
58  Surf  flush  duration  (days) 

62  Final  water  flood  duration  (days) 
127  Total  duration 


Units 

Units  used 

Unit  price 

Item  cost 

Total  cost 

Item  description 

Da 

46700.886 

3 

140102.66 

Surfactant 

Da 

93401 .773 

0.32 

29888.567 

IPA 

Da 

10079.608 

0.45 

4535.8236 

CaCI2 

$  174,527.05 

Chemical  Cost  -  SEAR 

Da 

681 .05459 

1 

681.05459 

|Anti-foam  agent 

□ 

$  681.05 

Chemical  Cost  -  Effluent  Treatment 

$  175,208.10  Chemical  Cost  Total 


Labor  costs  Labor  costs 


Units 

Units  used 

Unit  price 

Item  cost 

Total  cost 

Item  description 

BliM 

1778 

30 

53340 

Operating  labor 

BliM 

360 

30 

10800 

Monitoring  labor 

BBM 

768 

70 

53760 

Professional  labor 

$  117,900.00 

\Labor  Cost  -  SEAR  \ 

BBM 

508 

30 

15240 

Operating  labor 

BBM 

25 

30 

750 

Monitoring  labor 

BBM 

508 

70 

35560 

Professional  labor 

$  51,550.00 

1  Labor  Cost  -  Effluent  Treatment  \ 

$  169,450.00  Labor  Cost  Total 
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Table  B.5.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  One-Half  Acre 


Analysis  costs  -  offsite _ Analysis  costs 


Units 

Units  used 

Unit  price 

item  cost 

Totai  cost 

item  description 

1^ 

335 

25 

80 

26800 

Surfactant  fiuid  anaiysis 

1^ 

20 

500 

Eiectroiyte  anaiysis 

$  27,300.00 

1  Offsite  Analysis  Cost  -  SEAR  \ 

1^ 

20 

80 

1600 

Anaiysis  of  treated  fiuids 

5 

95 

475 

Anaiysis  of  off-gas 

□ 

$  2,075.00 

1  Offsite  Analysis  Cost  -  Effluent  Treatment  \ 

$  29,375.00  Off-sIte  Analysis  Cost  Total 


Analysis  costs-  on-site  (Operating  iabor  is  included  in  Labor  costs) 

1 

Units 

No  of  units 

item  cost 

item  cost 

Totai  cost 

Power 

Consumption 

item  description 

1 

26000 

26000 

0.5 

On-line  GC  +  autosampler 

1 

7000 

7000 

Custom-built  sample  port  (switch  device) 

1 

1500 

1500 

0.8 

Computer 

5 

250 

1250 

GC  gases 

19 

50 

950 

Miscellaneous  GC  supplies 

1 

600 

600 

Backup  GC  coiumn 

22 

20 

440 

GC  column  liner 

1 

4125 

4125 

Contigency  supplies/service 

$  40,702.08  On-site  Analysis  Cost  -  SEAR 

$  1,162.92  On-site  Analysis  Cost  -  Effluent  Treatment 

$  41,865.00  On-sIte  Analysis  Cost  Total 

$  71,240.00  Analysis  Cost  Total 


Utilities/misc  Utilities/misc 


Units 

Units  used 

Unit  price 

item  cost 

Totai  cost 

item  description 

laWBB 

18865.017 

0.07 

1320.5512 

Eiectricity  cost 

CD 

$  1,320.55 

Util  -  SEAR 

^9 

0.00152 

1243.6365 

Treated  water  discharge  to  POTW 

BliM 

2743.2 

1 .4287243 

3919.2764 

Euei  cost 

laPBB 

24069.943 

0.07 

1684.896 

Eiectricity  cost 

1^ 

3 

2407 

7221 

Air  stripper  packing  cieaning 

^9 

818.18188 

0.25 

204.54547 

Scrubber  soin  disposai 

Da 

220 

0.99 

217.8 

Biotreatment  OG  GAC  repiacement 

mmij 

3 

88.5 

265.5 

Biotreatment  siudge  disposai 

CD 

$  14,756.65 

1  Util  -  Effluent  Treatment  \ 

$  16,077.21  Utllltles/MIsc  Total  -  Panel  1 


$  361 ,749.68  Total  O&M  -  Panel  1  -  SEAR 

$ _ 70,225.63  Total  O&M  -  Panel  1  -  Effluent  Treatment 

$  431,975.31  Total  O&M  -  Panel  1 
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Table  B.5.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  One-Half  Acre 


$ 

$ 

$ 

$ 

$ 


25,000.00  Surfactant  Testing 

25,000.00  Bench-Scale  Abovegrnd  Testing  -  Eff  Treat 
49,999.49  Preliminary  Field  Testing 
79,835.71  CITT/Free-Phase  Recovery  -  Panel  1 
69,207.69  Engineering  Design  and  Modeling 


$  926,247.26  Total  Cost  -  Panel  1  -  SEAR 

$  393,308.03  Total  Cost  -  Panel  1  -  Effluent  Treatment 

1$  1,320,718.21  Total  Cost  -  Panel  1  | 


Unit  Costs  for  Remediation  of  Panel  1 

2,500  Area(SF) 

$528.29  Unit  cost  ($/SF) 


1019  Volume  (CY) 

$1 ,296.71  Unit  cost  ($/CY) 


$ 


441 .00  Volume  of  DNAPL  (gal) 
2,994.83  Unit  cost  ($/gal  DNAPL) 
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Table  B.5.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  One-Half  Acre 


Costs  for  Panels  2  through  8 _ 

Construction  Cost 

Note:  effluent  treatment  system  costed  for  panel  1 
is  used  for  panels  2-8  so  there  are  no  additional 
capital  costs  for  effluent  treatment  for  panels  2-8 


Operating  and  Maintenance  Costs 

Note:  On-line  GC  system  costed  for  panel  1 
is  used  for  panels  2-8  so  there  are  no  additional 
capital  costs  for  on-site  analyses  for  panels  2-8 


$ 

223,516.85 

Injection  Well  Total,  Panels  2  -  8 

$ 

710,459.83 

Extraction  Well  Total,  Panels  2  -  8 

$ 

117,670.73 

Hydraulic  Control  Well  Total,  Panels  2  -  8 

$ 

129,357.92 

Multilevel  Sampling  Point  Total,  Panels  2  -  8 

$ 

13,448.83 

Drill  Cutting  Disposal  Total,  Panels  2  -  8 

$ 

20,792.86 

Site  Restoration  Total,  Panels  2  -  8 

$ 

1,215,247.01 

Total  Direct  Capital,  Panels  2  -  8 

$ 

121,524.70 

Field  supervision  and  QA  and  H&S  support 

$ 

121,524.70 

Overhead  and  administration 

$ 

121,524.70 

Contingency 

$ 

364,574.10 

Total  Indirect  Capital,  Panels  2-  8 

$ 

1,579,821.11 

Total  Capital,  Panels  2  -  8 

$ 

1,221,689.35 

Chem  -  SEAR 

$ 

4,767.38 

Chem  -  Effluent  Treatment 

$ 

1,226,456.73 

Chemical  Cost  Total,  Panels  2  -  8 

$ 

825,300.00 

Labor  -  SEAR 

$ 

360,850.00 

Labor  -  Effluent  Treatment 

$ 

1,186,150.00 

Labor  Cost  Total,  Panels  2  -  8 

$ 

241,222.92 

Analysis  -  SEAR 

$ 

15,957.08 

Analysis  -  Effluent  Treatment 

$ 

257,180.00 

Analysis  Cost  Total,  Panels  2  -  8 

$ 

9,243.86 

Util  -  SEAR 

$ 

103,296.58 

Util  -  Effluent  Treatment 

$ 

112,540.44 

Utillties/MIsc  Total  -  Panels  2  -  8 

$ 

2,297,456.12 

Total  OSM  -  SEAR 

$ 

484,871.05 

Total  O&M  -  Effluent  Treatment 

$ 

2,782,327.17 

Total  O&M  -  Panels  2  -  8 

$ 

- 

Surfactant  Testing 

$ 

- 

Bench-Scale  Aboveground  Testing 

$ 

- 

Preliminary  Field  Testing 

$ 

558,849.98 

CITT/Free-Phase  Recovery  -  Panels  2  -  8 

$ 

193,781.54 

Engineering  Design  and  Modeling,  Panels  2  -  8 

$ 

4,629,908.76 

Total  Cost  -  Panels  2-8  -SEAR 

$ 

484,871.05 

Total  Cost  -  Panels  2-8  -  Effluent  Treatment 

$ 

5,114,779.81 

Total  Cost  -  Panels  2  -  8 

$ 

5,556,156.02 

Total  Cost  -  entire  site  (0.5  acre)  -  SEAR 

$ 

878,179.08 

Total  Cost  -  entire  site  (0.5  acre)  -  effluent  treatment 

1$ 

6,435,498.02 

Total  Cost  -  entire  site  (0.5  acre)  | 
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Table  B.5.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  One-Half  Acre 

TOTALS  for  a  0.5-acre  low-K  site 


Unit  Costs  for  Remediation 

20,000  Area(SF) 

8148  Volume  (CY) 

3,528.00 

Voiume  of  DNAPL  (gal) 

$321 .77  Unit  cost  ($/SF) 

$789.81  Unit  cost  ($/CY) 

$ 

1,824.12 

Unit  cost  ($/gal  DNAPL) 

Unit  Costs  for  Source  Zone  Characterization 

$ 

155,460.40 

Source  Zone  Characteriztion 

20,000  Area(SF) 

8148  Volume  (CY) 

3,528.00 

Volume  of  DNAPL  (gal) 

$7.77  Unit  cost  ($/SF) 

$19.08  Unit  cost  ($/CY) 

$ 

44.06 

Unit  cost  ($/gal  DNAPL) 

Unit  Costs  for  Performance  Assessment 

$ 

177,346.40 

Performance  Assessment 

20000  Area  (SF) 

8148  Volume  (CY) 

3,528.00 

Volume  of  DNAPL  (gal) 

$8.87  Unit  cost  ($/SF) 

$21 .77  Unit  cost  ($/CY) 

$ 

50.27 

Unit  cost  ($/gal  DNAPL) 

Note: 

Acronyms 

AC 

Acre 

LB 

Pound 

CY 

DRU 

EA 

GAL 

HR 

KW-HR 

Cubic  yard 

Drum 

Each 

Gallon 

Hour 

Kilowatt-hour 

LE 

Linear  foot 
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Table  B.6.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  One-Half  Acre:  SEAR  Cost  Detail 


Sewer  hook  up 


Labor 

Materials 

1.74 

4.35 

Sewer  pipe  4  in 

4.25 

0 

Trench  2  ft  wide  x  4  ft  deep 

5.99 

4.35  Total  Sewer  Hookup  Cost 

Air  Stripper 

17.5  Height  (ft)  123.7005  Packing  vol  (CF) 


Packing  reconditioning 


3  ft  dia  X  17.5  ft  packing 
Tower  internals 
Controls 
Installation 
Packing 

Total  Tower  Cost 

Caustic  Scrubber 

14.5  Height  (ft)  1 1 .3883  Packing  vol  (CF) 


1  ft  dia  X  14.5  ft  packing 
Tower  internals 
Controls 
Installation 
Packing 

Total  Tower  Cost 

Extraction  or  hydraulic  control  well  outside 


1  Dia  (ft) 


Labor 

Materials 

2879 

6660 

0 

3075 

1220.59 

4076 

3407 

0 

0 

176.177 

7506.59  13987.18 


3  Dia  (ft) 


Labor 

Materials 

2406.8 

0 

5913.88 

18550 

0 

4612 

1220.59 

4076 

4709 

0 

0 

1913.647 

11843.47  29151.65 


#  of  units 

Units 

Unit  labor 

Unit  mats 

Labor 

Materials 

10 

LF 

60.5 

23.83 

605 

238.3 

10 

LF 

6.07 

1.01 

60.7 

10.1 

1 

EA 

18.21 

35.8 

18.21 

35.8 

17 

LF 

11.29 

2.58 

191.93 

43.86 

3 

LF 

101.99 

8.38 

305.97 

25.14 

1 

EA 

227.65 

136.88 

227.65 

136.88 

1409.46 

490.08 

Item 

Stainless  steel  screen  2  in 
PVC  riser  2  in 
Stainless  steel  end  cap 
Gravel  pack 
Well  seal 

Well  surface  finish 

Unit  cost  for  ext  or  HC  well  outside 


1899.54  Total  cost 


94.977  Cost  per  foot 


Extraction  or  hydraulic  control  well  inside 


#  of  units 

Units 

Unit  labor 

Unit  mats 

Labor 

Materials 

1 

EA 

50 

0 

50 

0 

1 

EA 

200 

0 

200 

0 

10 

LF 

60.5 

23.83 

605 

238.3 

10 

LF 

6.07 

1.01 

60.7 

10.1 

1 

EA 

18.21 

35.8 

18.21 

35.8 

17 

LF 

11.29 

2.58 

191.93 

43.86 

3 

LF 

101.99 

8.38 

305.97 

25.14 

1 

EA 

227.65 

136.88 

227.65 

136.88 

1659.46 

490.08 

Item 

Concrete  core,  est 
Setup  low  profile  drilling 
Stainless  steel  screen  2 
PVC  riser  2  in 
Stainless  steel  end  cap 
Gravel  pack 
Well  seal 

Well  surface  finish 

Unit  cost  for  ext  or  HC 


2149.54  Total  cost 
1 07.477  Cost  per  foot 


rig,  est 
in 


well  Inside 
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Table  B.6.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 

Low  Permeability  Panel  of  One-Half  Acre:  SEAR  Cost  Detail 

Injection  well  outside 

Item 

Stainless  steel  screen  2  in 
PVC  riser  2  in 
Stainless  steel  end  cap 
Injection  pipe  1  in  SS 
Packer 
Gravel  pack 
Well  seal 

Well  surface  finish 

Unit  cost  for  injection  well  outside 
Total  cost 
Cost  per  foot 

Injection  well  inside 

Item 

Concrete  core,  est 
Setup  low  profile  drilling  rig,  est 
Stainless  steel  screen  2  in 
PVC  riser  2  in 
Stainless  steel  end  cap 
Injection  pipe  1  in  SS 
Packer 
Gravel  pack 
Well  seal 

Well  surface  finish 

Unit  cost  for  injection  well  Inside 
Total  cost 
Cost  per  foot 

3-level  sampling  point  outside 

Item 

Drill  8  in  dia  hollow  stem 
Sampling  screens 
Sampling  pipe  1  in  SS 
Gravel  pack 
Well  seal 

Well  surface  finish 

Unit  cost  for  3-lvl  monitoring  point  outside 
Total  cost 
Cost  per  foot 

3-level  monitoring  point  inside 

Item 

Concrete  core,  est 
Setup  low  profile  drilling  rig,  est 
Drill  8  in  dia  hollow  stem 
Sampling  screens,  est 
Sampling  pipe  1  in  SS 
Gravel  pack 
Well  seal 

Well  surface  finish 

Unit  cost  for  3-lvl  monitoring  point  Inside 
Total  cost 
Cost  per  foot 


#  of  units 

Units 

Unit  labor 

Unit  mats 

Labor 

Materials 

20 

LF 

16.65 

0 

333 

0 

3 

EA 

30 

30 

90 

90 

20 

LF 

4.37 

7.53 

87.4 

150.6 

9 

LF 

11.29 

2.58 

101.61 

23.22 

11 

LF 

101.99 

8.38 

1121.89 

92.18 

1 

EA 

227.65 

136.88 

227.65 

136.88 

1961.55 

492.88 

2454.43 

122.7215 
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Table  B.7.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  One-Half  Acre  Split,  May  2001:  Summary  of  General  Conditions 


General  Conditions 

Value 

Units 

Contaminant  to  be  remediated 

PCE 

Total  area  to  be  remediated 

20,000 

fC2 

Number  of  Panels  for  remediation 

8 

Depth  to  groundwater 

7 

ftbgs 

Depth  to  aquitard 

20 

ftbgs 

Saturated  thickness 

11 

ft 

Swept  thickness 

5 

ft 

Porosity 

0.3 

[-] 

Hydraulic  conductivity  =  lEE-6  m/sec 

l.OOE-06 

m/sec 

Total  volume 

220,000 

fC3 

8,148 

cubic  yards 

1,645,714 

gallons 

Swept  Pore  volume 

100,000 

fC3 

748,052 

gallons 

Total  area  of  one  panel 

2,500 

fC2 

Swept  volume  of  one  panel 

12,500 

fC3 

93,507 

gallons 

Swept  pore  volume  of  one  panel 

3,750 

fC3 

28,052 

gallons 

Number  of  injection  wells  per  panel 

14 

Number  of  extraction  wells  per  panel 

24 

Number  of  hydraulic  control  wells  per  panel 

8 

Number  of  monitoring  points  per  panel 

7 

[Labor  requirement  =  2  technicians  and  1  professional  for  8  hrs/day 

DNAPL  preflush  water  flooding  conducted  to  flush  1 

pore  volume(PV)  =  28,050  gal  injected 

Well 

Flow  Rate 
per  Well 

Total  Flow 

(gpm) 

(gpm) 

Injection  -  upper  section 

0.08 

1.12 

Injection  -  lower  section 

0.133 

1.862 

Hydraulic  control 

0.2 

1.6 

Extraction 

0.239 

5.736 

Treatment  zone  injection  rate 

1.862 

gpm 

Total  injection  rate 

4.582 

gpm 

Total  extraction  rate 

5.736 

gpm 

Time  per  Pore  Volume 

15,065 

minutes 

10.5 

days* 

Notes 


Llower  portion  of  aquifer) 


Conversion  (this  is  the  bulk  volume  expressed  as  gallons) 
Conversion 


Conversion 

Conversion 


Composition 

0.185%  CaC12 
0.185%  CaC12 
0.185%  CaC12 

Produced  fluid  containing  100  mg/L  of  dissolved  PCE  and  free-phase 
DNAPL 


*This  calculation  assumes  constant  injection  rates,  which  will  actually  vary  depending 
on  whether  surfactant  or  water  is  being  injected.  For  simplicity,  the  surfactant  and 
water  flooding  durations  used  in  the  cost  estimates  were  based  on  the  ESTCP  demonstration 
design  and  results. 
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Table  B.8.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  One-Half  Acre:  SEAR  Equpiment  Sizing 


Assumptions 


0.133 


14 


60 


0.240 


24 


5.76 


1.000 


87000 


Surfactant  soln  flow  per  well  (gpm) 
Number  of  surfactant  wells 
Number  of  days  of  surfactant  operation 

Extraction  well  flow  (gpm) 

Number  of  extraction  wells 
Air  stripper  inlet  water  flow  (gpm) 
Propane  cost  ($/lb) 

Propane  heating  value  (BTU/lb) 


Surfactant  chemical  use 


Total  quantity  used  to  calculate  chemical  costs 


Used  to  size  storage  tanks 


1 60877 

0.040 

0.160 

0.002 

8.119 

9.156 

0.308 

6.944 

0.800 

52248 

18526 

37621 

2416 

Total  surfactant  solution  used  (gal) 

Active  surfactant  cone 
IPA  cone 
CaCI2  cone 
Soln  density  (Ib/gal) 

Surfactant  density  (Ib/gal) 

Surfactant  activity 
IPA  stock  density  (Ib/gal) 

IPA  stock  cone 

Amount  of  active  surfactant  used  (lbs) 
Amount  of  surfactant  stock  soln  used  (gals) 
Amount  of  IPA  stock  soln  used  (gals) 
Amount  of  CaCI2  used  (lbs) 


10 

26813 

0.040 

0.160 

0.002 

8.119 

9.156 

0.308 

6.944 

0.990 

8708 

3088 

5067 

403 

Chemical  storage  requirement  (days) 

Surfactant  solution  used  per  batch  (gal) 

Active  surfactant  cone 

IPA  cone 

CaCI2  cone 

Soln  density  (Ib/gal) 

Surfactant  density  (Ib/gal) 

Surfactant  activity 
IPA  stock  density  (Ib/gal) 

IPA  stock  cone 

Amount  of  active  surfactant  used  (lbs) 
Amount  of  surfactant  stock  soln  used  (gals) 
Amount  of  IPA  stock  soln  used  (gals) 
Amount  of  CaCI2  used  (lbs) 


Air  stripper  and  cat  ox  design 


1500 

1.4 

0.90 

165.8 

40 

1500 

375 

2.289 

29.432 

0.178 

118.344 

101.433 

Inlet  concentration  (mg/L) 

Stripper  loading  rate  based  on  Lowe  et  al  2000  p  69 

Removal  efficiency 

Molecular  weight  of  compound 

Gas  to  liquid  volumetric  flow  ratio 

Maximum  cone  at  inlet  to  cat  ox  unit  (ppmv) 

Oxidizer  heat  load  (BTU/hr/SCFM) 

Stripper  diameter  (ft) 

Mass  flow  of  contaminant  (grams/min) 

Molar  flow  of  contaminant  (moles/min) 

Required  molar  air  flow  (moles/min) 

Required  air  flow  to  dilute  contaminat  (SCFM) 


SEAR  Equipment  Sizes 

30.802|Required  air  flow  for  stripper  (SCFM) 


101.433 


0.437 


Use  larger  of  the  two  required  flows  (SCFM) 

Calc  fuel  cost  assuming  the  halocarbon  provides  no  heat  input 

Fuel  cost  for  cat  ox  unit  ($/hr) 


Biotreatment  heater  design 


50 


80 


1.0 


0.992 


Inlet  temperature  (F) 

Outlet  temp  (F) 

Heat  capacity  of  water  (BTU/lb) 

Biotreatment  heater  fuel  cost  ($/hr) 


Cutting  volume 


Well  type 

Number  of 
wells 

Well  depth 
(ft) 

Bore  hole 
diameter 
(in) 

Volume  of 
cuttings  per 
well  (CF) 

Total  volume 
of  cuttings 
(CY) 

Injection 

14 

20 

8 

6.99 

3.63 

Extraction 

24 

20 

8 

6.99 

6.21 

Hydraulic  con 

8 

20 

8 

6.99 

2.07 

Monitoring 

7 

20 

8 

6.99 

1.81 

13.72 

B-32 


Table  B.9.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panei  of  One  Acre 

[Assumptions 


Adjustment  to  correct  labor  to  safety  level  D 
1.05 

40,000  square  footage 

Number  of  wells  needed  to  remediate  a  single  panel  comprising  2500  ff 


16  number  of  panels 

Number  of  Well  depth 

wells 

(ft) 

Well  type 

14 

20 

Injection 

24 

20 

Extraction 

8 

20 

Hydraulic  control 

7 

20 

Mulitlevel  sampling  points 

jPNAPL  Source  Zone  Characterization 


320  Number  of  borings 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

0 

2400 

0 

2400 

2400 

Mob/demob  CPT  rig 

EA 

50 

0 

250 

0 

12500 

12500 

CPT  pushes 

LF 

6400 

15.89 

0 

106780.8 

0 

106780.8 

Soil  borings  4  inch  diameter  hollow  stem  auger 

EA 

960 

0 

110 

0 

105600 

105600 

Soil  VOC  analyses 

EA 

5 

0 

70 

0 

350 

350 

Geotech  analyses 

EA 

50 

0 

110 

0 

5500 

5500 

Ground  water  analyses  VOC 

EA 

32 

0 

50 

0 

1600 

1600 

Ground  water  analyses  cation/anion 

EA 

5 

0 

175 

0 

875 

875 

Soil  XRD  analysis 

EA 

5 

0 

30 

0 

150 

150 

Soil  foe  and  moisture  content  analysis 

HR 

1010 

30 

0 

31815 

0 

31815 

Sampling  labor 

EA 

1 

0 

10000 

0 

10000 

10000 

Plan  and  report  preparation 

$  277,570.80  Source  Zone  Characterization  Total 


Surfactant  Selection 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

cosumption 

Item  description 

EA 

1 

0 

10000 

0 

10000 

10000 

Surfactant  phase  behavior  testing 

EA 

1 

0 

10000 

0 

10000 

10000 

Soil  column  test 

EA 

1 

0 

5000 

0 

5000 

5000 

Plan  and  report  preparation 

$  25,000.00  Surfactant  Seiection  Totai 


Bench-Scaie  Aboveground  Treatment  Equipment  Testing 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

0 

10000 

0 

10000 

10000 

Air  stripper  test 

EA 

1 

0 

10000 

0 

10000 

10000 

Biodegradation  test 

EA 

1 

0 

5000 

0 

5000 

5000 

Plan  and  report  preparation 

$  25,000.00  Bench-Scaie  Equipment  Testing  Totai 
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Table  B.9.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  One  Acre 


Preliminary  Field  Testing 


2200  Flush  fluid  volume  (gal) 

6600  Containment  fluid  volume  (gal)  16.0  Duration  (days) 

11000  Extracted  fluid  volume  (gal) _ 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

1 

1546.86 

690.68 

1624.203 

690.68 

2314.883 

Injection  well  installation  -  outside 

2 

1409.46 

490.08 

2959.866 

980.16 

3940.026 

Extraction  well  installation  -  outside 

la 

1 

1950 

367.2375 

1950 

2317.2375 

Pump  installation 

1^ 

2 

1409.46 

490.08 

2959.866 

980.16 

3940.026 

Hydraulic  control  well  installation  -  outside 

BliM 

30 

0 

0 

Field  test  technician  labor 

i;i:M 

127.84751 

70 

0 

0 

Field  test  professional  labor 

3 

■EUilsE] 

Surfactant 

0.32 

937.61536 

LB 

135.51472 

0.45 

CaCI2 

1^ 

22 

0 

110 

0 

2420 

Analysis  of  injected  fluid 

1^ 

22 

0 

110 

0 

2420 

Analysis  of  extracted  fluid 

1^ 

1 

0 

0 

2000 

Waste  disposal  off  site 

1^ 

1 

0 

0 

■eh 

^■EH 

Plan  and  report  preparation 

$  49,999.49  Preliminary  Field  Testing  Total 


CITT/Free-Phase  Recovery 


84150  Flush  fluid  volume  (gal)  3  Pore  volumes 

70427.077  Containment  fluid  volume  (gal)  31 .4  Duration 

193221.35  Extracted  fluid  volume  (gal) _ 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

219.70512 

0 

26 

0 

Analysis  of  injected  fluid 

1^ 

564.95603 

0 

40 

0 

Analysis  of  extracted  fluid 

1^ 

5 

0 

170 

0 

850 

Analysis  of  treated  waste 

BliM 

502.18314 

30 

0 

0 

Field  test  technician  labor 

BliM 

70 

0 

18455.23 

0 

18455.23 

Field  test  professional  labor 

LB 

0 

0.45 

0 

CaCI2  chemical  cost 

LB 

72 

0 

0.45 

0 

32.4 

NaBr  tracer  chemical  cost 

0 

MililitWI 

0 

Treated  water  disposal  -  treated  on  site  capital  not  charged 

1^ 

1 

0 

15000 

0 

^■^ES 

Plan  and  report  preparation 

$  79,835.71  CITT/Free-Phase  Recovery  Total 
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Table  B.9.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  One  Acre 


Initial  PITT  (optional) 

28050  Tracer  fluid  volume  (gal)  7.5  Pore  volumes 


0  Flushing/containment  fluid  volume  (gal)  78.5  Duration 

0  Extracted  fluid  volume  (gal) _ 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

84 

0 

110 

0 

9240 

Analysis  of  injected  fluid  VOCs 

1^ 

168 

0 

40 

0 

6720 

Analysis  of  injected  fluid  Ca 

1^ 

1104 

0 

110 

0 

■MEEK 

121440 

Analysis  of  extracted  fluid 

1^ 

322 

0 

110 

0 

35420 

Analysis  from  multilevel  sampling  points 

1^ 

12 

0 

170 

0 

2040 

Analysis  of  treated  waste 

BliM 

30 

0 

39546.922 

0 

Field  test  technician  labor 

BliM 

70 

0 

0 

Field  test  professional  labor 

LB 

231.89484 

0 

0.88 

0 

w?sm 

Propanol  chemical  cost 

LB 

231.89484 

0 

0.88 

0 

Methanol  chemical  cost 

LB 

231.89484 

0 

0.88 

0 

wmiii 

4-methyl-2-pentanol  chemical  cost 

LB 

231.89484 

0 

0.88 

0 

timmu 

Hexanol  chemical  cost 

0 

0.88 

0 

■EbliEUshi 

Heptanol  chemical  cost 

LB 

0 

0.45 

0 

194.37893 

CaCI2  chemical  cost 

0 

0 

0 

0 

0 

Treated  water  disposal  -  treated  on  site  capital  not  charged 

1 

0 

15000 

0 

Plan  and  report  preparation 

$  276,698.49  Initial  PITT  Total 


Final  PITT  (optional) 

28050  Tracer  fluid  volume  (gal)  7  Pore  volumes 


0  Flushing/containment  fluid  volume  (gal)  73.2  Duration 

0  Extracted  fluid  volume  (gal) _ 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

84 

0 

110 

0 

9240 

Analysis  of  injected  fluid  VOCs 

1^ 

154 

0 

40 

0 

6160 

Analysis  of  injected  fluid  Ca 

1^ 

1032 

0 

110 

0 

MlkltMi! 

113520 

Analysis  of  extracted  fluid 

1^ 

301 

0 

110 

0 

Mcktllil 

Analysis  from  multilevel  sampling  points 

1^ 

11 

0 

170 

0 

1870 

Analysis  of  treated  waste 

BliM 

30 

0 

36910.461 

0 

Field  test  technician  labor 

BliM 

70 

0 

0 

Field  test  professional  labor 

LB 

231.89484 

0 

0.88 

0 

w?sm 

Propanol  chemical  cost 

LB 

231.89484 

0 

0.88 

0 

Methanol  chemical  cost 

LB 

231.89484 

0 

0.88 

0 

wmiii 

4-methyl-2-pentanol  chemical  cost 

LB 

231.89484 

0 

0.88 

0 

Hexanol  chemical  cost 

0 

0.88 

0 

■EbliEUshi 

Heptanol  chemical  cost 

LB 

0 

0.45 

0 

194.37893 

CaCI2  chemical  cost 

0 

0 

0 

0 

0 

Treated  water  disposal  -  treated  on  site  capital  not  charged 

1^ 

1 

0 

15000 

0 

Plan  and  report  preparation 

$  260,026.16  Final  PITT  Total 
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Table  B.9.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  One  Acre 


Engineering  Design  and  Modeling 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

1 

0 

0 

20000 

Computer  modeling,  UT  cost 

1^ 

1 

0 

0 

Plan  development 

$  69,207.69  Engineering  Design  and  Modelling 


Performance  Assessment 


320  Number  of  borings  (3  samples  per  boring) 


Units 

LF 

No  of  Units 
6400 

Unit  labor 

cost 

15.89 

Unit  mat 

cost 

0 

Labor  cost 
106780.8 

Mat  cost 
0 

Item  cost 
106780.8 

Total  cost 

Power 

consumption 

Item  description 

Soil  borings  4  inch  diameter  hollow  stem 

1^ 

1008 

0 

110 

0 

»iri!:!;W 

110880 

Soil  VOC  analyses 

1^ 

320 

0 

110 

0 

35200 

Ground  water  analyses 

BliM 

1328 

30 

0 

41832 

1  01 

41832 

Sampling  labor 

1^ 

1 

0 

0 

30000 

Plan  and  report  preparation  |  | 

$  324,692.80  Performance  Assessment 


Construction  Cost 


Site  Preparation _ Site  Preparation 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

133 

16.03 

6.12 

2238.5895 

813.96 

3052.5495 

Equipment  pad 

LF 

140 

5.05 

1.69 

742.35 

236.6 

978.95 

Secondary  containment  8  in  curb 

1^ 

1 

0 

0 

2280 

Office  trailer  20x8 

LF 

300 

3.01 

0.12 

36 

Water  hookup  1  in  PVC 

LF 

300 

7.41 

10.2 

2334.15 

3060 

5394.15 

Electrical  hookup 

1^ 

1 

250 

250 

512.5 

Propane  supply  setup 

LF 

300 

5.99 

4.35 

1886.85 

1305 

3191.85 

Sewer  pipe 

1^ 

1 

0 

0 

2150 

Sewer  connection  fee 

8412.5895  10131.6  $  18,544.15  Site  Preparation  Total 


DNAPL  Decant  Tank  DNAPL  Decant  Tank 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

1 

7850 

^gnnai 

DNAPL  phase  separator  2  gpm 

1^ 

1 

189.21 

616.45 

198.6705 

616.45 

815.1205 

0.5 

DNAPL  transfer  pump 

1^ 

1 

189.21 

616.45 

198.6705 

616.45 

815.1205 

0.5 

DNAPL  disposal  pump 

1^ 

1 

0 

0 

DNAPL  storage  tank  55  gal 

1^ 

1 

189.21 

616.45 

198.6705 

616.45 

815.1205 

0.5 

Water  transfer  pump 

637.1925  9764.18  $  10,401.37  Decant  Tank  Total 
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Table  B.9.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  One  Acre 


Air  Stripping  System 


Air  Stripping  System 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

1 

0 

0 

Stripper  feed  tank 

1^ 

1 

189.21 

616.45 

198.6705 

616.45 

815.1205 

0.5 

Air  stripper  feed  pump  1 0  gpm 

1^ 

1 

0 

0 

Anti-foam  storage  tank  1 1 0  gal  poly 

1^ 

1 

452 

474.6 

0.5 

Anti-foam  transfer  pump  1  gph 

1^ 

1 

1000 

1210 

0.5 

Anti-foam  mixer 

1^ 

1 

■MIclifiggI 

41587.29 

Air  stripper 

1^ 

1 

121.4 

0.75 

Air  stripper  blower  1 50  SCFM 

1^ 

1 

189.21 

616.45 

198.6705 

616.45 

815.1205 

0.5 

Air  stripper  sump  pump  1 0  gpm 

13645.055  43825.4  $  57,470.50  Air  Stripper  Total 


Stripper  Off-Gas  Treatment  System _ Stripper  Off-Gas  Treatment  System 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

1 

1257.78 

55166 

1320.669 

55166 

56486.669 

Catalytic  oxidizer  150  SCFM  recuperative 

1^ 

1 

13987.177 

7881.9195 

13987.2 

21869.097 

Caustic  scrubber 

1^ 

1 

0 

0 

MifcWMI 

Caustic  mix  tank  500  gal  polypropylene 

1^ 

1 

189.21 

616.45 

198.6705 

616.45 

815.1205 

0.5 

Caustic  transfer  pump  1 0  gpm 

1^ 

1 

121.4 

0.75 

OG  blower  150  SCFM 

LF 

20 

14.43 

43.4 

868 

■iOEB 

OG  stack 

9831.759  79914.9  $  89,746.70  Off-Gas  Treatment  System  Total 


Stripper  Bottoms  Biotreatment 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

1 

0 

0 

Miltlililil 

60200 

Fixed  film  treatment  unit  1  -10  gpm 

1^ 

1 

5017 

Boiler 

1^ 

1 

113 

1075 

Heat  exchanger 

1^ 

1 

1848 

■liBiaiciiiBi 

0.75 

Air  supply  blower  50  cfm 

1^ 

1 

1848 

■liBiaciiiBi 

0.75 

GAC  supply  blower  50  SCFM 

1^ 

2 

435 

870 

GAC  canisters  50  SCFM  110  1b 

LB 

220 

0 

0.99 

0 

217.8 

GAC  media 

1494.339  71075.8  $  72,570.14  Stripper  Bottoms  Biotreatment  Total 


injection  Wetts _ (assumes  pilot  lest  wells  are  used  for  remediation) _ Injection  Weiis 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

6 

1546.86 

690.68 

9745.218 

4144.08 

13889.298 

Well  installation  -  outside 

1^ 

7 

1796.86 

690.68 

13206.921 

4834.76 

18041.681 

Well  installation  -  inside 

22952.139  8978.84  $  31,930.98  Injection  Well  Total 
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Table  B.9.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  One  Acre 


Extraction  Wells  (assumes  pilot  test  wells  are  used  for  remediation) _ Extraction  Wells 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

12 

1409.46 

490.08 

17759.196 

5880.96 

23640.156 

Well  installation  -outside 

1^ 

11 

1659.46 

490.08 

19166.763 

5390.88 

24557.643 

Well  installation  -inside 

1^ 

23 

1950 

8446.4625 

44850 

53296.463 

7.59 

Pump  installation 

45372.422  56121.8  $  101,494.26  Extraction  Well  Total 


Hydraulic  Control  Wells _ Hydraulic  Control  Wells 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

4 

1409.46 

490.08 

5919.732 

1960.32 

7880.052 

Well  installation  -  outside 

1^ 

4 

1659.46 

490.08 

6969.732 

1960.32 

8930.052 

Well  installation  -  inside 

12889.464  3920.64  $  16,810.10  Hydraulic  Control  Well  Total 


Multilevel  sampling  points _ Multilevel  sampling  points 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

6 

1961.55 

492.88 

12357.765 

2957.28 

15315.045 

3-Level  sampling  point  installation  -  outside 

1^ 

1 

2544.55 

492.88 

2671.7775 

492.88 

3164.6575 

3-Level  sampling  point  installation  -  inside 

15029.543  3450.16  $  18,479.70  Multilevel  Sampling  Point  Total 


Above  ground  piping _ Above  ground  piping 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

LF 

460 

1.72 

0.3 

138 

Injection  well  piping  1  in  PVC 

LF 

340 

2.51 

0.88 

896.07 

299.2 

1195.27 

Extraction  well  piping  1  in  chem  resistant 

LF 

240 

1.72 

0.3 

72 

Hydraulic  control  well  piping  1  in  PVC 

1^ 

2 

0 

500 

0 

1000 

Filters 

1^ 

2 

0 

250 

0 

500 

Mixing  tee 

1^ 

1 

0 

500 

0 

500 

In-line  mixer 

1^ 

140 

0 

2.86 

0 

400.4 

Connectors 

1^ 

1 

189.21 

616.45 

616.45 

815.1205 

0.5 

Water  injection  pump 

1^ 

70 

17.71 

89 

1301.685 

6230 

7531.685 

Flow  control  valves 

1^ 

70 

45.2 

226 

3322.2 

15820 

19142.2 

Pressure  instruments 

1^ 

70 

11 

55 

SCADA  input  channels 

1^ 

70 

9 

45 

SCADA  output  channels 

1^ 

8.75 

34 

170 

312.375 

1487.5 

1799.875 

SCADA  channel  racks 

1^ 

8.75 

45 

225 

413.4375 

1968.75 

2382.1875 

SCADA  brain  boards 

1^ 

1 

1200 

252 

1452 

SCADA  controller 

1^ 

1 

0 

0 

SCADA  programming 

9430.638  39732.3  $  49,162.94  Above  Ground  Piping  Total 
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Table  B.9.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  One  Acre 


Chemical  Addition  System _ Chemical  Addition  System 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

1 

452 

2780 

474.6 

0.5 

Surfactant  metering  pump  1  gph 

1^ 

1 

452 

474.6 

0.5 

IPA  metering  pump  1  gph 

1^ 

1 

452 

474.6 

0.5 

CaCI2  metering  pump  to  water  lines  1  gph 

1^ 

1 

452 

474.6 

0.5 

CaCI2  metering  pump  to  surfactant  1  gph 

1^ 

1 

248.43 

2366 

2614.43 

Surfactant  storage  tank,  4000  gal  plastic 

1^ 

1 

316.575 

3015 

3331.575 

Alcohol  storage  tank,  5000  gal  plastic 

1^ 

1 

36.2 

362 

CaCI2  solution  storage  tank,  500  gal  plastic 

1^ 

1 

1000 

210 

1210 

0.5 

CaCI2  solution  mixer 

2711.415  17863  $  20,574.42  Chem  Add  Total 


Disposal  of  Drill  Cuttings _ Disposal  of  Drill  Cuttings 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

■IcWifcfefcM 

0 

140 

0 

Off-site  disposal  of  soil 

0  1921.26  $  1,921.26  Drill  Cutting  Disposal  Total 


Site  Restoration  Site  Restoration 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1^ 

46 

60 

0 

2898 

0 

2898 

Well  abandonment 

0.25 

0 

0 

Site  cleanup 

2970.408  0  $  2,970.41  Site  Restoration  Total 


261 ,888.22  Total  Direct  Capital  -  SEAR 

230, 1 88.7 1  Total  Direct  Capital  -  Effluent  Treatment 

492,076.93  Total  Direct  Capital 


Indirect  Capital  Cost 


7  Total  power  consumption  -  SEAR 

1 0.59  Total  power  consumption  -  Effluent  Treatment 

17.59  Total  power  consumption  (HP) 


$ 

26,188.82 

Field  supervision  and  QA  and  H&S  support  -  SEAR 

$ 

26,188.82 

Overhead  and  administration  -  SEAR 

$ 

26,188.82 

Contingency  -  SEAR 

$ 

78,566.47 

Total  Indirect  Capital  -  SEAR 

$ 

23,018.87 

Field  supervision  and  QA  and  H&S  support  -  Eff  trt 

$ 

23,018.87 

Overhead  and  administration  -  Eff  trt 

$ 

23,018.87 

Contingency  -  trt 

$ 

69,056.61 

Total  Indirect  Capital  -  Eff  trt 

$ 

147,623.08 

Total  Indirect  Capital 

$ 

340,454.68 

Total  Capital  -  SEAR 

$ 

299,245.32 

Total  Capital  -  Effluent  Treatment 

r$~ 

639,700.01 

Jotal^apital_| 
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Table  B.9.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  One  Acre 


Operating  and  Maintenance  Costs 

1  PV  water  flood,  5  PV  surfactant  flush,  8  PV  water  flood 
Chemical  costs 

140259.75  Surfactant  fluid  volume  (gal) 
252467.55  Water  flushing  volume  (gal) 

261 81 8.2  Containment  fluid  volume  (gal) 
818181.88  Extracted  fluid  volume  (gal) 


Chemical  costs 


7  Initial  water  flood  duration  (days) 
58  Surf  flush  duration  (days) 

62  Final  water  flood  duration  (days) 
127  Total  duration 


Units 

Units  used 

Unit  price 

Item  cost 

Total  cost 

Item  description 

LB 

3 

Surfactant 

LB 

1  93401.7731 

0.32 

1 

0.45 

1 

|CaCI2  1 

Chemical  cost  -  SEAR 

LbJ 

1  681.054591 

1  1| 

1 

lAnti-foam  agent 

$  681.05 

Chemical  cost  -  Effluent  treatment 

$  175,208.10  Chemical  Cost  Total 


Labor  costs  Labor  costs 


Units 

Units  used 

Unit  price 

Item  cost 

Total  cost 

Item  description 

BliM 

1778 

30 

53340 

Operating  labor 

BliM 

360 

30 

Monitoring  labor 

BliM 

768 

70 

I 

I  53760 I 

Professional  labor 

{Labor  Cost  Total  -  SEAR  \ 

BliM 

508 

30 

Operating  labor 

BliM 

25 

30 

Monitoring  labor 

BliM 

508 

70 

35560 

Professional  labor 

□□ 

e^ki^eei 

1  Labor  Cost  -  Effluent  Treatment  \ 

$  1 69,450.00  Labor  Cost  Total 


Analysis  costs-  off-site _ Analysis  costs 


Units 

Units  used 

Unit  price 

Item  cost 

Total  cost 

Item  description 

1^ 

80 

Surfactant  fluid  analysis 

1^ 

20 

Electrolyte  analysis 

□ 

1 

\Off-site  Analysis  Cost  -  SEAR  \ 

1^ 

20 

80 

Analysis  of  treated  fluids 

1^ 

5 

95 

Analysis  of  off-gas 

□□ 

1 

1  Off-site  Analysis  Cost  -  Effluent  Treatment  \ 

$  29,375.00  Off-site  Analysis  Cost  Total 
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Table  B.9.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panei  of  One  Acre 


Analysis  costs-  on-site  (Operating  labor  is  included  in  Labor  costs) 


Units 

No  of  units 

Item  cost 

Item  cost 

Total  cost 

Power 

Consumption 

Item  description 

EA 

1 

26000 

26000 

0.5 

On-line  GC  -i-  autosampler 

EA 

1 

7000 

7000 

Custom-built  sample  port  (switch  device) 

EA 

1 

1500 

1500 

0.8 

Computer 

EA 

5 

250 

1250 

GC  gases 

EA 

19 

50 

950 

Miscellaneous  GC  supplies 

EA 

1 

600 

600 

Backup  GC  column 

EA 

22 

20 

440 

GC  column  liner 

EA 

1 

4125 

4125 

Contigency  supplies/service 

$  40,702.08  On-site  Analysis  Cost  -  SEAR 

$  1 , 1 62.92  On-site  Analysis  Cost  -  Efftuent  Treatment 

$  41,865.00  On-site  Anaiysis  Cost  Total 

$  71,240.00  Analysis  Cost  Total 


Utililies/misc  Utilities/misc 


Units 

Units  used 

Unit  price 

Item  cost 

Total  cost 

Item  description 

KW-h 

18865.017 

0.07 

1320.5512 

Electricity  cost 

$  1,320.55 

Util  -  SEAR 

GAL 

818181.88 

0.00152 

1243.6365 

Treated  water  discharge  to  POTW 

HR 

2743.2 

1 .428724 

3919.2764 

Fuel  cost 

KW-h 

24069.943 

0.07 

1684.896 

Electricity  cost 

EA 

3 

2407 

7221 

Air  stripper  packing  cleaning 

GAL 

818.18188 

0.25 

204.54547 

Scrubber  soln  disposal 

LB 

220 

0.99 

217.8 

Biotreatment  OG  GAC  replacement 

DRU^ 

3 

88.5 

265.5 

Biotreatment  sludge  disposal 

$  14,756.65 

Util  -  Effluent  Treatment 

$  16,077.21  Utilities/Misc  Total  -  Panel  1 


$  361,749.68 

$  70,225.63 

$  431,975.31 


Total  O&M  -  Panel  1  -  SEAR 

Total  O&M  -  Panel  1  -  Effluent  Treatment 

Total  O&M  -  Panel  1 


$  25,000.00 

$  25,000.00 

$  49,999.49 

$  79,835.71 

$  69,207.69 


Surfactant  Testing 

Bench-Scale  Aboveground  Testing  -  Eff  Treat 
Preliminary  Field  Testing 
CITT/Free-Phase  Recovery  -  Panel  1 
Engineering  Design  and  Modeling 


$  926,247.26  Total  Cost  -  Panel  1  -  SEAR 

$  394,470.95  Total  Cost  -  Panel  1  -  Effluent  Treatment 

1$  1,320,718.21  Total  Cost  -  Panel  1  | 


B-41 


Table  B.9.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  One  Acre 


lUnit  Costs  for  Remediation  of  Panel  1 

1 

2,500  Area(SF) 

$528.29  Unit  cost  ($/SF) 

1019  Volume  (CY) 

$1 ,296.71  Unit  cost  ($/CY) 

$ 

441.00  Volume  of  DNAPL  (gal) 

2,994.83  Unit  cost  ($/gal  DNAPL) 

ICosts  for  Panels  2  through  16 

1 

Construction  Cost 


Note:  effluent  treatment  system  costed  for  panel  1 
is  used  for  panels  2-16  so  there  are  no  additional 
capital  costs  for  effluent  treatment  for  panels  2-1 6 


Operating  and  Maintenance  Costs 

Note:  On-line  GC  system  costed  for  panel  1 
is  used  for  panels  2-16  so  there  are  no  additional 
capital  costs  for  on-site  analyses  for  panels  2-1 6 


$ 

478,964.69 

$ 

1,522,413.92 

$ 

252,151.56 

$ 

277,195.54 

$ 

28,818.91 

$ 

44,556.12 

$ 

2,604,100.74 

$ 

260,410.07 

$ 

260,410.07 

$ 

260,410.07 

$ 

781,230.22 

$ 

3,385,330.96 

$ 

2,617,905.75 

$ 

10,215.82 

$ 

2,628,121.57 

$ 

1,768,500.00 

$ 

773,250.00 

$ 

2,541,750.00 

$ 

516,906.25 

$ 

34,193.75 

$ 

551,100.00 

$ 

19,808.27 

$ 

221,349.81 

$ 

241,158.08 

$ 

4,923,120.27 

$ 

1,039,009.38 

$ 

5,962,129.65 

$ 

$ 

$ 

$ 

1,197,535.67 

$ 

311,434.62 

$ 

9,817,421.52 

$ 

1,039,009.38 

$ 

10,856,430.90 

$ 

10,743,668.78 

$ 

1 ,433,480.33 

$ 

12,177,149.11 

Drill  Cutting  Disposal  Total,  Panels  2  - 16 


Field  supervision  and  QA  and  H&S  support 
Overhead  and  administration 
Contingency 


Chem  -  Panels  2-16  -  SEAR 

Chem  -  Panels  2-16  -  Effluent  Treatment 

Chemical  Cost  Total,  Panels  2-16 

Labor  -  Panels  2-16  -  SEAR 

Labor  -  Panels  2-16  -  Effluent  Treatment 

Labor  Cost  Total,  Panels  2-16 

Analysis  -  Panels  2-16  -  SEAR 

Analysis  -  Panels  2-16  -  Effluent  Treatment 

Analysis  Cost  Total,  Panels  2-16 

Util -Panels  2-16 -SEAR 

Util  -  Panels  2-16  -  Effluent  Treatment 

Utilities/Misc  Total  -  Panels  2-16 

Total  O&M  -  Panels  2-16  -  SEAR 

Total  O&M  -  Panels  2-16  -  Effluent  Treatment 

Total  O&M -Panels  2 -16 

Surfactant  Testing 

Bench-Scale  Aboveground  Testing  -  Eff  Trt 
Preliminary  Field  Testing 
CITT/Free-Phase  Recovery  -  Panels  2-16 
Engineering  Design  and  Modeling,  Panels  2  - 16 
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Table  B.9.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  One  Acre 


TOTALS  for  a  one-acre  low-K  site 


Unit  Costs  for  Remediation 

40,000  Area(SF) 

16296  Volume  (CY) 

7,056.00  Volume  of  DNAPL  (gal) 

$304.43  Unit  cost  ($/SF) 

$747.23  Unit  cost  ($/CY) 

$  1,725.79  Unit  cost  ($/gal  DNAPL) 

Unit  Costs  for  Source  Zone  Characterization 

$  277,570.80  Source  Zone  Characteriztion 

40,000  Area(SF) 

16296  Volume  (CY) 

7,056.00  Volume  of  DNAPL  (gal) 

$6.94  Unit  cost  ($/SF) 

$17.03  Unit  cost  ($/CY) 

$  39.34  Unit  cost  ($/gal  DNAPL) 

Unit  Costs  for  Performance  Assessment 

$  324,692.80  Performance  Assessment 

40000  Area  (SF) 

16296  Volume  (CY) 

7,056.00  Volume  of  DNAPL  (gal) 

$8.12  Unit  cost  ($/SF) 

$19.92  Unit  cost  ($/CY) 

$  46.02  Unit  cost  ($/gal  DNAPL) 

Note: 

Acronyms 

AC 

Acre 

LB 

Pound 

CY 

Cubic  yard 

LF 

Linear  foot 

DRU 

Drum 

EA 

Each 

GAL 

Gallon 

HR 

Hour 

KW-HR 

Kilowatt-hour 

B-43 


Table  B.10.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  One  Acre:  SEAR  Cost  Detail 


Sewer  hook  up 


Labor 

Materials 

1.74 

4.35 

Sewer  pipe  4  in 

4.25 

0 

Trench  2  ft  wide  x  4  ft  deep 

5.99 

4.35  Total  Sewer  Hookup  Cost 

Air  Stripper 

17.5  Height  (ft)  123.7005  Packing  vol  (CF) 


Packing  reconditioning 


3  ft  dia  X  17.5  ft  packing 
Tower  internals 
Controls 
Installation 
Packing 

Total  Tower  Cost 

Caustic  Scrubber 

14.5  Height  (ft)  1 1 .3883  Packing  vol  (CF) 


1  ft  dia  X  14.5  ft  packing 
Tower  internals 
Controls 
Installation 
Packing 

Total  Tower  Cost 

Extraction  or  hydraulic  control  well  outside 


1  Dia  (ft) 


Labor 

Materials 

2879 

6660 

0 

3075 

1220.59 

4076 

3407 

0 

0 

176.177 

7506.59  13987.18 


3  Dia  (ft) 


Labor 

Materials 

2406.8 

0 

5913.88 

18550 

0 

4612 

1220.59 

4076 

4709 

0 

0 

1913.647 

11843.47  29151.65 


#  of  units 

Units 

Unit  labor 

Unit  mats 

Labor 

Materials 

10 

LF 

60.5 

23.83 

605 

238.3 

10 

LF 

6.07 

1.01 

60.7 

10.1 

1 

EA 

18.21 

35.8 

18.21 

35.8 

17 

LF 

11.29 

2.58 

191.93 

43.86 

3 

LF 

101.99 

8.38 

305.97 

25.14 

1 

EA 

227.65 

136.88 

227.65 

136.88 

1409.46 

490.08 

Item 

Stainless  steel  screen  2  in 
PVC  riser  2  in 
Stainless  steel  end  cap 
Gravel  pack 
Well  seal 

Well  surface  finish 

Unit  cost  for  ext  or  HC  well  outside 


1899.54  Total  cost 


94.977  Cost  per  foot 


Extraction  or  hydraulic  control  well  inside 


#  of  units 

Units 

Unit  labor 

Unit  mats 

Labor 

Materials 

1 

EA 

50 

0 

50 

0 

1 

EA 

200 

0 

200 

0 

10 

LF 

60.5 

23.83 

605 

238.3 

10 

LF 

6.07 

1.01 

60.7 

10.1 

1 

EA 

18.21 

35.8 

18.21 

35.8 

17 

LF 

11.29 

2.58 

191.93 

43.86 

3 

LF 

101.99 

8.38 

305.97 

25.14 

1 

EA 

227.65 

136.88 

227.65 

136.88 

1659.46 

490.08 

Item 

Concrete  core,  est 
Setup  low  profile  drilling 
Stainless  steel  screen  2 
PVC  riser  2  in 
Stainless  steel  end  cap 
Gravel  pack 
Well  seal 

Well  surface  finish 

Unit  cost  for  ext  or  HC 


2149.54  Total  cost 
1 07.477  Cost  per  foot 


rig,  est 
in 


well  inside 
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Table  B.10.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 

Low  Permeability  Panel  of  One  Acre:  SEAR  Cost  Detail 

Injection  well  outside 

Item 

Stainless  steel  screen  2  in 
PVC  riser  2  in 
Stainless  steel  end  cap 
Injection  pipe  1  in  SS 
Packer 
Gravel  pack 
Well  seal 

Well  surface  finish 

Unit  cost  for  injection  well  outside 
Total  cost 
Cost  per  foot 

Injection  well  inside 

Item 

Concrete  core,  est 
Setup  low  profile  drilling  rig,  est 
Stainless  steel  screen  2  in 
PVC  riser  2  in 
Stainless  steel  end  cap 
Injection  pipe  1  in  SS 
Packer 
Gravel  pack 
Well  seal 

Well  surface  finish 

Unit  cost  for  injection  well  inside 
Total  cost 
Cost  per  foot 

3-level  sampling  point  outside 

Item 

Drill  8  in  dia  hollow  stem 
Sampling  screens 
Sampling  pipe  1  in  SS 
Gravel  pack 
Well  seal 

Well  surface  finish 

Unit  cost  for  3-lvl  monitoring  point  outside 
Total  cost 
Cost  per  foot 

3-level  monitoring  point  inside 

Item  I 

Concrete  core,  est 
Setup  low  profile  drilling  rig,  est 
Drill  8  in  dia  hollow  stem 
Sampling  screens,  est 
Sampling  pipe  1  in  SS 
Gravel  pack 
Well  seal 

Well  surface  finish 

Unit  cost  for  3-lvl  monitoring  point  inside 
Total  cost 
Cost  per  foot 


#  of  units 

Units 

Unit  labor 

Unit  mats 

Labor 

Materials 

20 

LF 

16.65 

0 

333 

0 

3 

EA 

30 

30 

90 

90 

20 

LF 

4.37 

7.53 

87.4 

150.6 

9 

LF 

11.29 

2.58 

101.61 

23.22 

11 

LF 

101.99 

8.38 

1121.89 

92.18 

1 

EA 

227.65 

136.88 

227.65 

136.88 

1961.55 

492.88 

2454.43 

122.7215 
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Table  B.ll.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  One  Acre:  Summary  of  General  Conditions 


General  Conditions 

Value 

Units 

Contaminant  to  be  remediated 

PCE 

Total  area  to  be  remediated 

40,000 

fC2 

Number  of  Panels  for  remediation 

16 

Depth  to  groundwater 

7 

ftbgs 

Depth  to  aquitard 

20 

ftbgs 

Saturated  thickness 

11 

ft 

Swept  thickness 

5 

ft 

Porosity 

0.3 

[-] 

Hydraulic  conductivity  =  lEE-6  m/sec 

l.OOE-06 

m/sec 

Total  volume 

440,000 

fC3 

16,296 

cubic  yards 

3,291,429 

gallons 

Swept  Pore  volume 

200,000 

ft^3 

1,496,104 

gallons 

Total  area  of  one  panel 

2,500 

fC2 

Swept  volume  of  one  panel 

12,500 

ft''3 

93,507 

gallons 

Swept  pore  volume  of  one  panel 

3,750 

ft^3 

28,052 

gallons 

Number  of  injection  wells  per  panel 

14 

Number  of  extraction  wells  per  panel 

24 

Number  of  hydraulic  control  wells  per  panel 

8 

Number  of  monitoring  points  per  panel 

7 

Labor  requirement  =  2  technicians  and  1  professional  for  8  hrs/day 

DNAPL  preflush  water  flooding  conducted  to  flush 

1  pore  volume  (PV)  =  28,050  gal  injected 

Well 

Flow  Rate 
per  Well 

Total  Flow 

(gpm) 

(gpm) 

Injection  -  upper  section 

0.08 

1.12 

Injection  -  lower  section 

0.133 

1.862 

Hydraulic  control 

0.2 

1.6 

Extraction 

0.239 

5.736 

treatment  zone  injection  rate 

1.862 

gpm 

Total  injection  rate 

4.582 

gpm 

Total  extraction  rate 

5.736 

gpm 

Time  per  Pore  Volume 

15,065 

minutes 

10.5 

days* 

Notes 


(Lower  portion  of  aquifer) 


Conversion  (this  is  the  bulk  volume  expressed  as  gallons) 
Conversion 


Conversion 

Conversion 


Composition 

0.185%  CaC12 
0.185%  CaC12 
0.185%  CaC12 

Produced  fluid  containing  100  mg/L  of  dissolved  PCE  and  free-phase  DNAPL 


*This  calculation  assumes  constant  injection  rates,  which  will  actually  vary  depending 
on  whether  surfactant  or  water  is  being  injected.  For  simplicity,  the  surfactant  and 
water  flooding  durations  used  in  the  cost  estimates  were  based  on  the  ESTCP  demonstration 
design  and  results. 
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Table  B.12.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
Low  Permeability  Panel  of  One  Acre:  SEAR  Equipment  Sizing 


Assumptions 


0.133 


14 


60 


0.24 


24 


5.76 


1.00 


87000 


Surfactant  soln  flow  per  well  (gpm) 
Number  of  surfactant  wells 
Number  of  days  of  surfactant  operation 
Extraction  well  flow  (gpm) 

Number  of  extraction  wells 
Air  stripper  inlet  water  flow  (gpm) 
Propane  cost  ($/lb) 

Propane  heating  value  (BTU/lb) 


Surfactant  chemical  use 


Total  quantity  used  to  calculate  chemical  costs 


Used  to  size  storage  tanks 


160877 

0.040 

0.160 

0.002 

8.119 

9.156 

0.308 

6.944 

0.800 

52248 

18526 

37621 

2416 

Total  surfactant  solution  used  (gal) 

Active  surfactant  cone 
I  PA  cone 
CaCl2  cone 
Soln  density  (Ib/gal) 

Surfactant  density  (Ib/gal) 

Surfactant  activity 
IPA  stock  density  (Ib/gal) 

I  PA  stock  cone 

Amount  of  active  surfactant  used  (lbs) 
Amount  of  surfactant  stock  soln  used  (gals) 
Amount  of  IPA  stock  soln  used  (gals) 
Amount  of  CaCI2  used  (lbs) 


10 

26813 

0.040 

0.160 

0.002 

8.119 

9.156 

0.308 

6.944 

0.990 

8708 

3088 

5067 

403 

Chemical  storage  requirement  (days) 

Surfactant  solution  used  per  batch  (gal) 

Active  surfactant  cone 

IPA  cone 

CaCl2  cone 

Soln  density  (Ib/gal) 

Surfactant  density  (Ib/gal) 

Surfactant  activity 
IPA  stock  density  (Ib/gal) 

IPA  stock  cone 

Amount  of  active  surfactant  used  (lbs) 
Amount  of  surfactant  stock  soln  used  (gals) 
Amount  of  IPA  stock  soln  used  (gals) 
Amount  of  CaCI2  used  (lbs) 


Air  stripper  and  cat  ox  design 


Inlet  concentration  (mg/L) 

Stripper  loading  rate  based  on  Lowe  et  al  2000  p  69 

Removal  efficiency 

Molecular  weight  of  compound 

Gas  to  liquid  volumetric  flow  ratio 

Maximum  cone  at  inlet  to  cat  ox  unit  (ppmv) 

Oxidizer  heat  load  (BTU/hr/SCFM) 

Stripper  diameter  (ft) 

Mass  flow  of  contaminant  (grams/min) 

Molar  flow  of  contaminant  (moles/min) 

Required  molar  air  flow  (moles/min) 

Required  air  flow  to  dilute  contaminat  (SCFM) 

Required  air  flow  for  stripper  (SCFM) 

Use  larger  of  the  two  required  flows  (SCFM) 

Calc  fuel  cost  assuming  the  halocarbon  provides  no  heat  input 

Fuel  cost  for  cat  ox  unit  ($/hr) 


Biotreatment  heater  design 


50 


80 


1.0 


0.992 


Inlet  temperature  (F) 

Outlet  temp  (F) 

Heat  capacity  of  water  (BTU/lb) 
Biotreatment  heater  fuel  cost  ($/hr) 


Cutting  volume 


Well  type 

Number  of 

wells 

Well  depth 
(ft) 

Bore  hole 

diameter 

(in) 

Volume  of 
cuttings  per 
well  (CF) 

Total  volume 
of  cuttings 
(CY) 

Injection 

14 

20 

8 

6.99 

3.63 

Extraction 

24 

20 

8 

6.99 

6.21 

Hydraulic  cont 

8 

20 

8 

6.99 

2.07 

Monitoring 

7 

20 

8 

6.99 

1.81 

13.72  Total  cutting  volume  (CY) 
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Table  B.13.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
High  Permeability  Panel  of  3,333  Square  Feet,  Polymer 


[Assumptions 


Adjustment  to  correct  labor  to  safety  level  D 
1.05 

20,000  square  footage 

Number  of  wells  needed  to  remediate  a  single  panel  comprising  3333  ft  ^ 
_ 1  number  of  panels 


Well  type 

Number  of 
wells 

Well  depth 
(ft). 

pore  volume  [galj: 

37,403 

Injection 

3 

20 

Extraction 

6 

20 

tot  extract  rate: 

18 

gpm 

Hydraulic 

control 

2 

20 

treat.  Inject,  rate: 

6 

gpm 

Multilevel  san 

8 

20 

Days  per  PV: 

4.0 

Other 

NA 

20 

[DNAPL  Source  Zone  Characterization' 


40  Number  of  borings 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

0 

2400 

0 

2400 

2400 

Mob/demob  CPT  rig 

EA 

8 

0 

250 

0 

2000 

2000 

CPT  pushes 

LF 

800 

15.89 

0 

13347.6 

0 

13347.6 

Soil  borings  4  inch  diameter  hollow  stem 

EA 

110 

0 

110 

0 

12100 

12100 

Soil  VOC  analyses 

EA 

24 

0 

70 

0 

1680 

1680 

Geotech  analyses 

EA 

12 

0 

110 

0 

1320 

1320 

Ground  water  analyses,  VOC 

EA 

6 

0 

50 

0 

300 

300 

Ground  water  analyses,  anion/cation 

EA 

2 

0 

175 

0 

350 

350 

Soil  XRD  analysis 

EA 

3 

0 

30 

0 

90 

90 

Soil  foe  and  moisture  content  analysis 

HR 

122 

30 

0 

3843 

0 

3843 

Sampling  labor 

EA 

1 

0 

10000 

0 

10000 

10000 

Plan  and  report  preparation 

$  47,430.60  Site  Characterization  Total 


Surfactant  Selection 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

item  description 

EA 

1 

0 

10000 

0 

10000 

10000 

Surfactant  phase  behavior  testing 

EA 

1 

0 

10000 

0 

10000 

10000 

Soil  column  test 

EA 

1 

0 

5000 

0 

5000 

5000 

Plan  and  report  preparation 

$  25,000.00  Surfactant  Testing  Total 
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Bench-Scale  Aboveground  Treatment  Equipment  Testing 


No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

sm 

1 

0 

10000 

0 

10000 

10000 

Air  stripper  test 

1 

0 

10000 

0 

Biodegradation  test 

Em 

1 

0 

5000 

0 

1  50001 

Plan  and  report  preparation 

$  25,000.00  Bench-Scale  Equipment  Testing  Total 


Preliminary  Field  Testing 


2200  Flush  fluid  volume  (gal) 

6600  Containment  fluid  volume  (gal)  7.5  Duration  [days] 

11000  Extracted  fluid  volume  (gal) 


Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

Em 

1 

690.68 

2314.883 

Injection  well  installation  -  outside 

IS 

2 

■OSES 

Extraction  well  installation  -  outside 

Em 

1 

1950 

HcIMricHsI 

Pump  installation 

IS 

2 

■ESSES 

490.08 

Hydraulic  control  well  installation  -  outside 

120 

30 

0 

3780 

3780 

Field  test  technician  labor 

60 

70 

0 

4410 

0 

4410 

Field  test  professional  labor 

4.5 

0 

■»iiag! 

■clilrldkli!! 

Surfactant 

DB 

0.32 

0 

IPA 

0.45 

0 

CaCI2 

DB 

5 

0 

Polymer 

Em 

22 

110 

0 

2420 

Analysis  of  injected  fluid 

IS 

22 

110 

0 

2420 

Analysis  of  extracted  fluid 

Em 

1 

2000 

0 

2000 

Waste  disposal  off  site 

EA 

1 

0 

10000 

0 

10000 

10000 

Plan  and  report  preparation 

$  42,020.20  Preliminary  Field  Testing  Total 


CITT/Free-Phase  Recovery 


112,208  Flush  fluid  volume  (gal)  3  Pore  volumes 

74,805  Containment  fluid  volume  (gal)  9.0  Duration  [days] 

233,766  Extracted  fluid  volume  (gal) 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

Em 

13.5 

26 

0 

351 

Analysis  of  injected  fluid 

Em 

40.5 

40 

0 

1620 

Analysis  of  extracted  fluid 

2 

0 

170 

0 

340 

340 

Analysis  of  treated  waste 

144 

30 

0 

4536 

0 

4536 

Field  test  technician  labor 

IQS 

72 

70 

0 

5292 

0 

5292 

Field  test  professional  labor 

IS 

0 

0.45 

0 

CaCI2  chemical  cost 

s 

93.63 

0 

0.45 

0 

NaBr  tracer  chemical  cost 

E^il9 

0 

0 

360 

Treated  water  disposal  -  treated  on  site  capital  not  charged 

EA 

0 

15000 

0 

15000 

15000 

Plan  and  report  preparation 

$  28,837.08  CUT  Total 
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Initial  PITT  (optional) 


280,520  Flush  fluid  volume  (gal)  7.5  Pore  volumes 

187,013  Containment  fluid  volume  (gal)  22.5  Duration 

584,416  Extracted  fluid  volume  (gal) _ 


No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

Em 

18 

0 

110 

0 

1980 

1980 

Analysis  of  injected  fluid  VOCs 

12 

40 

0 

480 

Analysis  of  injected  fluid  Ca 

Em 

108 

110 

0 

11880 

Analysis  of  extracted  fluid 

144 

110 

0 

Analysis  from  multilevel  sampling  points 

Em 

4 

170 

0 

680 

680 

Analysis  of  treated  waste 

IQS 

360 

30 

0 

11340 

11340 

Field  test  technician  labor 

180 

70 

0 

13230 

Field  test  professional  labor 

DB 

82.5 

0.88 

0 

wmmi 

«-J.-l*l;lcl!l 

Propanol  chemical  cost  [1000  mg/kg] 

US 

82.5 

0.88 

0 

mtMsmiE 

waitwana 

Methanol  chemical  cost  [1000  mg/kg] 

QS 

82.5 

0.88 

0 

«jHiH:lcl!l 

4-methyl-2-pentanol  chemical  cost  [1000  mg/kg] 

HS 

82.5 

0.88 

0 

mtMsmiSi 

waifiwaaa 

Hexanol  chemical  cost  [1000  , mg/kg] 

DB 

57.7 

0.88 

0 

Heptanol  chemical  cost  [700  mg/kg] 

US 

0 

0.45 

0 

CaCI2  chemical  cost 

0 

0 

■=l'l.».l.!.ll 

Treated  water  disposal  -  treated  on  site  capital  not  charged 

Em 

0 

15000 

0 

Plan  and  report  preparation 

$  74,910.92  Initial  PITT  Total 


Final  PITT  (optional) 


261,818  Flush  fluid  volume  (gal)  7  Pore  volumes 

174,545  Containment  fluid  volume  (gal)  21.0  Duration 

545,455  Extracted  fluid  volume  (gal) _ 


No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

Em 

18 

0 

110 

0 

1980 

1980 

Analysis  of  injected  fluid  VOCs 

9 

40 

0 

360 

Analysis  of  injected  fluid  Ca 

Em 

102 

110 

0 

11220 

Analysis  of  extracted  fluid 

136 

0 

110 

0 

Analysis  from  multilevel  sampling  points 

Em 

3 

0 

170 

0 

510 

510 

Analysis  of  treated  waste 

336 

30 

0 

10584 

10584 

Field  test  technician  labor 

168 

70 

0 

12348 

12348 

Field  test  professional  labor 

82.5 

0.88 

0 

EiaSHgl 

Propanol  chemical  cost 

82.5 

0.88 

0 

fcl!fclAI:8! 

Methanol  chemical  cost 

DB 

82.5 

0.88 

0 

EiaSHgl 

4-methyl-2-pentanol  chemical  cost 

IS 

82.5 

0.88 

0 

Hexanol  chemical  cost 

S 

57.7 

0.88 

0 

■aaEBi 

■aiEMH 

Heptanol  chemical  cost 

S 

IAtblW.I=lj.i 

0 

0.45 

0 

BiBiESH 

■c!iHc»:l:ai 

CaCI2  chemical  cost 

liMiEIrLIcI 

0 

0 

usmm 

Treated  water  disposal  -  treated  on  site  capital  not  charged 

IS 

0 

15000 

0 

Plan  and  report  preparation 

$  71,166.93  Final  PITT  Total 
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Engineering  Design  and  Modeling 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

sm 

1 

0 

0 

20000 

Computer  modeling 

sm 

1 

0 

0 

Plan  development 

$  69,207.69  Engineering  Design  and  Modelling 


Performance  Assessment 


89  Number  of  borings  (3  samples  per  boring) 


Units 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

LF 

1780 

0 

29698.41 

0 

29698.41 

Soil  borings  4  inch  diameter  hollow  stem 

281 

110 

0 

Soil  VOC  analyses 

Em 

30 

110 

0 

1  33001 

Ground  water  analyses 

IQS 

311 

30 

0 

9796.5 

1  o| 

Sampling  labor 

Em 

1 

0 

0 

Plan  and  report  preparation 

$  103,704.91  Performance  Assessment 


Construction  Cost 


Site  Preparation  Site  Preparation 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

ss 

133 

6.12 

Equipment  pad 

\sm 

140 

1.69 

742.35 

Secondary  containment  8  in  curb 

IS 

1 

1  o| 

2280 

0 

2280 

Office  trailer  20x8 

tsm 

300 

0.12 

1  36| 

984.15 

Water  hookup  1  in  PVC 

\sm 

300 

7.41 

10.2 

Electrical  hookup 

Em 

1 

250 

250 

262.5 

1  2501 

1  512.51 

Propane  supply  setup 

\sm 

300 

4.35 

1886.85 

Sewer  pipe 

Em 

1 

1  ol 

2150 

0 

1  21501 

Sewer  connection  fee 

8412.5895  10131.56  $  18,544.15  Site  Preparation  Total 


DNAPL  Decant  Tank  DNAPL  Decant  Tank 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

Em 

1 

7850 

41.181 

7850 

DNAPL  phase  separator  2  gpm 

Em 

1 

616.45 

0.5 

DNAPL  transfer  pump 

1 

616.45 

0.5 

DNAPL  disposal  pump 

Em 

1 

0 

64.83 

1 _ ^ 

1  64.831 

DNAPL  storage  tank  55  gal 

1 

189.21 

616.45 

1  616.451 

0.5 

Water  transfer  pump 

637.1925  9764.18  $  10,401.37  Decant  Tank  Total 
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Air  Stripping  System _ Air  Stripping  System 


Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1 

1  ol 

685.94 

0 

685.94 

685.94 

Stripper  feed  tank 

IS 

1 

616.45 

0.5 

Air  stripper  feed  pump  10  gpm 

Em 

1 

0 

0 

Anti-foam  storage  tank  1 1 0  gal  poly 

1 

452 

2780 

474.6 

0.5 

Anti-foam  transfer  pump  1  gph 

Em 

1 

200 

1000 

210 

1000 

1210 

0.5 

Anti-foam  mixer 

1 

11843.47 

36250.0396 

12435.6435 

36250.04 

48685.683 

Air  stripper 

Em 

1 

121.4 

11886 

127.47 

■QBE 

0.75 

Air  stripper  blower  150  SCFM 

1 

189.21 

616.45 

1  616.451 

1  815.12051 

0.5 

Air  stripper  sump  pump  1 0  gpm 

13645.0545  54269.84  $  67,914.89  Air  Stripper  Total 


Stripper  Off-Gas  Treatment  System _ Stripper  Off-Gas  Treatment  System 


Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

Em 

1 

55166 

55166 

56486.669 

Catalytic  oxidizer  150  SCFM  recup 

IS 

1 

7506.59 

13987.177 

7881.9195 

13987.18 

21869.097 

Caustic  scrubber 

Em 

1 

0 

0 

737.31 

Caustic  mix  tank  500  gal  poly 

IS 

1 

616.45 

KlfeU^ild 

0.5 

Caustic  transfer  pump  1 0  gpm 

Em 

1 

121.4 

8540 

127.47 

8667.47 

0.75 

OG  blower  150  SCFM 

20 

14.43 

43.4 

303.03 

1171.03 

OG  stack 

9831.759  79914.94  $  89,746.70  Off-Gas  Treatment  System  Total 


Stripper  Bottoms  Biotreatment 


No  of  units 

Unit  labor 

cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

Em 

1 

0 

0 

84925 

Fixed  film  treatment  unit  1  -10  gpm 

1 

4351 

^B^ 

MacBWBial 

Boiler 

Em 

1 

113 

1526 

118.65 

Heat  exchanger 

1 

1848 

1848 

■EiSHRglEI 

0.75 

Air  supply  blower  50  cfm 

Em 

1 

1848 

1848 

■BBiaKciiil 

0.75 

GAC  supply  blower  50  SCFM 

2 

59.02 

435 

123.942 

GAC  canisters  50  SCFM  110  1b 

220 

0 

0.99 

0 

217.8 

GAC  media 

1494.339  95585.8  $  97,080.14  Stripper  Bottoms  Biotreatment  Total 


Injection  Wells  (assumes  pilot  test  wells  are  used  for  remediation)  Injection  Wells 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

2 

b^ee 

4629.766 

Well  installation  -  outside 

Em 

0 

1 _ o| 

0 

Well  installation  -  inside 

3248.406  1381.36  $  4,629.77  Injection  Well  Total 
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Extraction  Wells  (assumes  pilot  test  wells  are  used  for  remediation)  Extraction  Wells 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

sm 

5 

■OSES 

9850.065 

Well  installation  -outside 

sm 

0 

1 _ ^ 

0 

Well  installation  -inside 

5 

1  19501 

1  97501 

11586.188 

1.65 

Pump  installation 

9235.8525  12200.4  $  21,436.25  Extraction  Well  Total 


Hydraulic  Control  Wells _ (assumes  pilot  test  wells  are  not  used  for  remediation) _ Hydraulic  Control  Wells 


Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

sm 

2 

2959.866 

3940.026 

Well  installation  -  outside 

0 

1  1659.461 

CO 

o 

o 

a> 

0 

1  0| 

0 

Well  installation  -  inside 

2959.866  980.16  $  3,940.03  Hydraulic  Control  Well  Total 


Multilevel  sampling  points _ Multilevel  sampling  points 


Item  cost 

Total  cost 

Power 

consumption 

Item  description 

sm 

8 

1961.55 

492.88 

16477.02 

3943.04 

20420.06 

3-Level  sampling  point  installation  -  outside 

0 

2544.55 

492.88 

0 

0 

0 

3-Level  sampling  point  installation  -  inside 

16477.02  3943.04  $  20,420.06  Multilevel  Sampling  Point  Total 


Above  ground  piping _ Above  ground  piping 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

LF 

300 

1.72 

0.3 

541.8 

90 

631.8 

Injection  piping  1  in  PVC 

am 

270 

2.51 

0.88 

711.585 

Extraction  piping  1  in  chem  resistant 

\sm 

200 

1.72 

0.3 

361.2 

1  60| 

421.2 

Injection  piping  1  in  PVC 

2 

0 

500 

0 

1000 

Filters 

Em 

2 

0 

250 

0 

500 

Mixing  tee 

1 

500 

0 

500 

In-line  mixer 

Em 

48 

2.86 

0 

137.28 

Connectors 

IS 

1 

616.45 

MrlUkliM 

0.5 

Water  injection  pump 

Em 

24 

17.71 

89 

1  21361 

Flow  control  valves 

24 

45.2 

226 

1139.04 

Pressure  instruments 

Em 

24 

11 

55 

277.2 

SCADA  input  channels 

24 

9 

45 

226.8 

1306.8 

SCADA  output  channels 

Em 

3 

34 

170 

107.1 

1  5101 

617.1 

SCADA  channel  racks 

3 

45 

225 

141.75 

SCADA  brain  boards 

Em 

1 

240 

1200 

252 

1452 

SCADA  controller 

1 

0 

2500 

0 

2500 

SCADA  programming 

4403.4375  17986.33  $  22,389.77  Above  Ground  Piping  Total 
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Chemical  Addition  System _ Chemical  Addition  System 


Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1 

452 

2780 

474.6 

2780 

3254.6 

0.5 

Surfactant  metering  pump  1  gph 

IS 

1 

452 

2780 

474.6 

0.5 

IPA  metering  pump  1  gph 

Em 

1 

452 

2780 

474.6 

3254.6 

0.5 

CaCI2  metering  pump  to  water  lines  1  gph 

1 

452 

2780 

474.6 

3254.6 

0.5 

CaCI2  metering  pump  to  surfactant  1  gph 

Em 

1 

2366 

248.43 

Surfactant  storage  tank,  4000  gal  plastic 

1 

301.5 

3015 

3015 

Alcohol  storage  tank,  5000  gal  plastic 

Em 

1 

36.2 

362 

38.01 

362 

400.01 

CaCI2  solution  storage  tank,  500  gal  plastic 

EA 

1 

200 

1000 

210 

1000 

1210 

0.5 

CaCI2  solution  mixer 

2711.415  17863  $  20,574.42  Chem  Add  Total 


Disposal  of  Drill  Cuttings 


Disposal  of  Drill  Cuttings 


Unit  mat 

cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1  ol 

140 

1 _ al 

688.75391 

Off-site  disposal  of  soil 

0  688.7539  $  688.75  Drill  Cutting  Disposal  Total 


Site  Restoration  Site  Restoration 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

cosumption 

Item  description 

Em 

11 

0 

693 

0 

693 

Well  abandonment 

0.25 

1  275.841 

0 

72.408 

0 

72.408 

Site  cleanup 

765.408  0  $  765.41  Site  Restoration  Total 


$ 

$ 

$ 


1 1 3,388.60  Total  Direct  Capital  -  SEAR 
265,143.10  Total  Direct  Capital  -  Effluent  Treatment 

378,531.70  Total  Direct  Capital 


Indirect  Capital  Cost 


7  Power  ■  SEAR 
4.65  Power  -  Effluent  Treatment 

1 1 .65  Total  power  consumption  (HP) 


n. 


$ 

11,338.86 

$ 

11,338.86 

$ 

11,338.86 

$ 

34,016.58 

Total 

$ 

26,514.31 

$ 

26,514.31 

$ 

26,514.31 

$ 

79,542.93 

Total 

$ 

113,559.51 

Total 

$ 

147,405.18 

Total 

$ 

344,686.03 

Total 

Field  supervision  and  QA  and  H&S  support  -SEAR 
Overhead  and  administration  -  SEAR 
Contingency  -  SEAR 


Field  supervision  and  QA  and  H&S  support  -  Effluent  Treat 
Overhead  and  administration  -  Effluent  Treat 
Contingency  -  Effluent  Treat 


492,091.21  Total  Capital 
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Operating  and  Maintenance  Costs 

1  PV  water  flood,  2  PV  surfactant  flush,  3  PV  water  flood,  polymer  is  injected  during  each  phase  for  mobility  control. 


Chemical  costs 

74805.2  Surfactant  fluid  volume  (gal) 

1 4961 0.4  Water  flushing  volume  (gal) 

149610.4  Containment  fluid  volume  (gal) 

467532.5  Extracted  fluid  volume  (gal) 


Chemical  costs 

4.0  Initial  water  flood  duration  (days) 

8.0  Surf  flush  duration  (days) 

12.0  Final  water  flood  duration  (days) 

24.0  Total  duration 


Units 

Item  cost 

Total  cost 

Item  description 

LB 

4.5 

112082.13 

Surfactant 

gb!;Kl8W;b1 

0.32 

IPA 

0.45 

CaCI2 

5 

mwmm 

Polymer 

$  135,284.68 

Chemical  Cost  -  SEAR 

■asamiiia 

|Anti-foam  agent 

$  389.17 

Chemical  Cost  -  Effluent  Treatment 

$  135,673.86  Chemical  Cost  Total 


Labor  costs  Labor  costs 


Units 

Units  used 

Unit  price 

Item  cost 

Total  cost 

Item  description 

01^1 

288 

8640 

Operating  labor 

QI^I 

96 

30 

2880 

Monitoring  labor 

IQS 

150 

70 

Professional  labor 

$  22,020.00 

Labor  costs  -  SEAR 

96 

30 

Operating  labor 

QI^I 

5 

30 

1  1501 

Monitoring  labor 

IQS 

96 

70 

Professional  labor 

$  9,750.00 

Labor  costs  -  Effluent  Treatment  I 

$  31 ,770.00  Labor  Cost  Total 


Analysis  costs-  off-site  Analysis  costs 


Units 

Units  used 

Unit  price 

Item  cost 

Total  cost 

Item  description 

sm 

90 

Surfactant  fluid  analysis 

sm 

6 

1  20| 

Electrolyte  analyses 

$  7,320.00 

Off-site  Analysis  Cost  -  SEAR  \ 

sm 

4 

80 

Analysis  of  treated  fluids 

1 

95 

Analysis  of  off-gas 

$  415.00 

Off-site  Analysis  Cost  -  Effluent  Treatment  I 

$  7,735.00  Analysis  Cost  Total 


Analysis  costs-  on-site  (Operating  labor  is  included  in  Labor  costs) 


Units 

No  of  units 

Item  cost 

Item  cost 

Total  cost 

Power 

Consumption 

Item  description 

1 

0.5 

On-line  GC  with  8  sample  ports  (leased) 

1 

Additional  sample  ports  (4) 

1 

1500 

0.8 

Computer  |  | 

4 

50 

Miscellaneous  GC  supplies 

1 

600 

Backup  GC  column 

4 

20 

GC  column  liner 

1 

Contigency  supplies/service 

$  22, 1 1 8.33  On-site  Analysis  Cost  -  SEAR 

$  961 .67  On-site  Analysis  Cost  -  Effluent  Treatment 

$  23,080.00  On-site  Analysis  Cost  Total 

$  30,815.00  Analysis  Cost  Total 


B-55 


Table  B.13.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
High  Permeability  Panel  of  3,333  Square  Feet,  Polymer 


Utilities/misc  Utilities/misc 


Units 

Units  used 

Unit  price 

Item  cost 

Total  cost 

Item  description 

KW-HI 

3565.04256 

0.07 

249.55298 

Electricity  cost 

$  249.55 

Utilities  -  SEAR 

GAL 

467532.5 

0.00152 

710.6494 

Treated  water  discharge  to  POTW 

HR 

518.4 

4.465 

2314.656 

Fuel  cost 

KW-HI 

1997.28288 

0.07 

139.8098 

Electricity  cost 

EA 

3 

2407 

7221 

Air  stripper  packing  cleaning 

GAL 

467.5325 

0.25 

116.88313 

Scrubber  soln  disposal 

LB 

220 

0.99 

217.8 

Biotreatment  OG  GAC  replacement 

DRUIV 

3 

88.5 

265.5 

Biotreatment  sludge  disposal 

$  10,986.30 

Utilities  -  Effluent  Treatment 

$  11,235.85  Utilities/Misc  Total 


$  186,992.57  Total  O&M  -  SEAR 

$ _ 22,502.14  Total  O&M  -  Effluent  Treatment 


$ 

209,494.71 

Total  O&M 

$ 

25,000.00 

Surfactant  Testing 

$ 

25,000.00 

Bench-Scale  Aboveground  Testing  (Effluent  Treat) 

$ 

42,020.20 

Preliminary  Field  Testing 

$ 

28,837.08 

CITT/Free-Phase  Recovery 

$ 

69,207.69 

Engineering  Design  and  Modeling 

$ 

499,462.72 

Total  Cost  -  SEAR 

$ 

392,188.17 

Total  Cost  -  Effluent  Treatment 

1$ 

891,650.89 

Total  Cost  1 

Unit  Costs  for  Remediation 

3,333  Area(SF) 

1358  Volume  (CY) 

441.00  Volume  of  DNAPL  (gal) 

$267.52  Unit  cost  ($/SF) 

$656.64  Unit  cost  ($/CY) 

$ 

2,021 .88  Unit  cost  ($/gal  DNAPL) 

Unit  Costs  for  Source  Zone  Characterization 

$ 

47,430.60  Source  Zone  Characterization 

#  3,333  Area  (SF) 

1358  Volume  (CY) 

2646.00  Volume  of  DNAPL  (gal) 

$14.23  Unit  cost  ($/SF) 

$34.93  Unit  cost  ($/CY) 

$ 

1 7.93  Unit  cost  ($/gal  DNAPL) 

Unit  Costs  for  Performance  Assessment 

$ 

1 03,704.91  Performance  Assessment 

3,333  Area(SF) 

1358  Volume  (CY) 

441.00  Volume  of  DNAPL  (gal) 

$31.11  Unit  cost  ($/SF) 

$76.37  Unit  cost  ($/CY) 

$ 

235. 1 6  Unit  cost  ($/gal  DNAPL) 

Note: 

Acronyms 

AC 

Acre 

LB 

Pound 

CY 

Cubic  yard 

LF 

Linear  foot 

DRU 

Drum 

EA 

Each 

GAL 

Gallon 

HR 

Hour 

KW-HR 

Kilowatt-hour 

1$  1,042,7861  Full-Scale  SEAR  System  Total  Cost 
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Table  B.14.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
High  Permeability  Panel  of  3,333  Square  Feet-Polymer:  SEAR  Cost  Detail 

Injection  well  inside 

Item 

Concrete  core 
Setup  low  profile  drilling  rig 
Stainless  steel  screen  2  in 
PVC  riser  2  in 
Stainless  steel  end  cap 
Injection  pipe  1  in  SS 
Packer 
Gravel  pack 
Well  seal 

Well  surface  finish 

Unit  cost  for  injection  well  inside 
Total  cost 
Cost  per  foot 


3-level  sampling  point  outside 

Item 

Drill  8  in  dia  hollow  stem 
Sampling  screens 
Sampling  pipe  1  in  SS 
Gravel  pack 
Well  seal 

Well  surface  finish 

Unit  cost  for  3-lvl  sampling  point  outside 
2454.43  Total  cost 
122.72  Cost  per  foot 


3-level  sampling  point  inside 

Item 

Concrete  core 
Setup  low  profile  drilling  rig 
Drill  8  in  dia  hollow  stem 
Sampling  screens 
Sampling  pipe  1  in  SS 
Gravel  pack 
Well  seal 

Well  surface  finish 

Unit  cost  for  3-lvl  sampling  point  inside 
Total  cost 
Cost  per  foot 


151.87 
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Table  B.15.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
High  Permeability  of  3,333  Square  Feet,  Polymer:  Summary  of  General  Conditions 


General  Conditions 

Value 

Units 

Contaminant  to  be  remediated 

PCE 

Total  area  to  be  remediated 

3,333 

ft'^2 

Number  of  Panels  for  remediation 

1 

Depth  to  groundwater 

7 

ftbgs 

Depth  to  aquitard 

20 

ftbgs 

Saturated  thickness 

11 

ft 

Swept  thickness 

5 

ft 

Porosity 

0.3 

[-] 

Hydraulic  conductivity  =  1  EE-4  m/sec 

l.OOE-04 

m/sec 

Total  volume 

36,667 

ft'^3 

1,358 

cubic  yards 

274,286 

gallons 

Swept  volume 

16,667 

ft'^3 

124,675 

gallons 

Total  area  of  one  panel 

3,333 

ft'^2 

Swept  volume  of  one  panel 

16,667 

ft'^3 

124,675 

gallons 

Pore  volume  of  one  panel 

5,000 

ft'^3 

37,403 

gallons 

Number  of  injection  wells  per  panel 

3 

Number  of  extraction  wells  per  panel 

6 

Number  of  hydraulic  control  wells  per  panel 

2 

Number  of  monitoring  points  per  panel 

8 

Labor  requirement  =  2  technicians  and  1  professional  for  8  hrs/day 

DNAPL  preflush  water  flooding  to  flush  1  PV  = 

37,403 

gal  injected 

Operating  time  =  PV  /  Q(inJ) 

6,234 

minutes 

4.0 

days  per  PV* 

Well 

blow  Rate  per 
Well 

Total  Flow 

(gpm) 

(gpm) 

Injection  -  upper  section 

1 

3 

Injection  -  lower  section 

2 

6 

Hydraulic  control 

3 

6 

treatment  injection 

6 

sum  of  injections 

15 

18.75 

Extraction 

3 

18 

Notes 


(Lower  portion  of  aquifer) 


Conversion  (this  is  the  bulk  volume  expressed  as  gallons) 
Conversion 


Conversion 

Conversion 


*forced  to  this  value  to  match  Hill  OU2  surfactant  flood  conditions 


Composition 

0.185%  CaC12 
0.185%  CaC12 
0.185%  CaC12 
gpm 
gpm 

sum  times  1.25 

Produced  fluid  containing  100  mg/L  of  dissolved  PCE  and 
free-phase  DNAPL 

Extraction  sized  to  remove  1.25  times  the  total  injection  flow 
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Table  B.16.  Cost  for  Full-Scale  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
High  Permeability  Panel  of  3,333  Square  Feet,  Polymer:  SEAR  Equipment  SIzInc 


Assumptions 


_ O 

_ 3 

_ 6J 

1.35 

_ 6 

_ 8^ 

1.00 

87000 


Surfactant  soln  flow  per  well  (gpm) 
Number  of  surfactant  injection  wells 
Number  of  days  of  surfactant  operation 
Extraction  well  flow  (gpm) 

Number  of  extraction  wells 
Air  stripper  inlet  water  flow  (gpm) 
Propane  cost  ($/lb) 

Propane  heating  value  (BTU/lb) 


Surfactant  chemical  use 


Total  quantity  used  to  calculate  chemical  costs 


Used  to  size  storage  tanks 


37403 

0.040 

0.160 

0.002 

8.119 

9.156 

0.308 

6.944 

0.800 

12147 

4307 

8747 

562 

Total  surfactant  solution  used  (gal) 

Active  surfactant  cone 
IPA  cone 
CaCI2  cone 
Soln  density  (Ib/gal) 

Surfactant  density  (Ib/gal) 

Surfactant  activity 
IPA  stock  density  (Ib/gal) 

IPA  stock  cone 

Amount  of  active  surfactant  used  (lbs) 
Amount  of  surfactant  stock  soln  used  (gals) 
Amount  of  IPA  stock  soln  used  (gals) 
Amount  of  CaCI2  used  (lbs) 


10 

56160 

0.040 

0.160 

0.002 

8.119 

9.156 

0.308 

6.944 

0.990 

18239 

6467 

10613 

844 

Chemical  storage  requirement  (days) 

Surfactant  solution  used  per  batch  (gal) 

Active  surfactant  cone 

IPA  cone 

CaCI2  cone 

Soln  density  (Ib/gal) 

Surfactant  density  (Ib/gal) 

Surfactant  activity 
IPA  stock  density  (Ib/gal) 

IPA  stock  cone 

Amount  of  active  surfactant  used  (lbs) 
Amount  of  surfactant  stock  soln  used  (gals) 
Amount  of  IPA  stock  soln  used  (gals) 
Amount  of  CaCI2  used  (lbs) 


Air  stripper  and  cat  ox  design 


1500 

1.4 

0.90 

165.8 

40 

1500 

375 

2.714 

41.389 

0.250 

166.421 

142.640 

43.316 

142.640 

0.615 

Inlet  concentration  (mg/L) 

Stripper  loading  rate  based  on  Lowe  et  al  2000  p  6£ 

Removal  efficiency 
Molecular  weight  of  compound 
Gas  to  liquid  volumetric  flow  ratio 
Maximum  cone  at  inlet  to  cat  ox  unit  (ppmv) 

Oxidizer  heat  load  (BTU/hr/SCFM) 

Stripper  diameter  (ft) 

Mass  flow  of  contaminant  (grams/min) 

Molar  flow  of  contaminant  (moles/min) 

Required  molar  airflow  (moles/min) 

Required  air  flow  to  dilute  contaminat  (SCFM) 

Required  air  flow  for  stripper  (SCFM) 

Use  larger  of  the  two  required  flows  (SCFM) 

Calc  fuel  cost  assuming  the  halocarbon  provides  no  heat  inpul 

Fuel  cost  for  cat  ox  unit  ($/hr) 


Biotreatment  heater  design 


50 


80 


1.0 


1.394 


Inlet  temperature  (F) 

Outlet  temp  (F) 

Heat  capacity  of  water  (BTU/lb) 

Biotreatment  heater  fuel  cost  ($/hr) 


Cutting  volume 


Well  type 

Number  of 
wells 

Well  depth 
(ft) 

Bore  hole 
diameter 

{in} 

Volume  of 
cuttings  per 
well  (CF) 

Total  volume 
of  cuttings 

(CY) 

Injection 

3 

20 

8 

6.99 

0.78 

Extraction 

6 

20 

8 

6.99 

1.55 

Hydraulic  centre 

2 

20 

8 

6.99 

0.52 

Multi-level  samf 

8 

20 

8 

6.99 

2.07 

4.919670782  Total  cutting  volume  (CY) 
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Table  B.17.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88 
High  Permeability  Panel  of  One-Half  Acre,  Polymer 

Assumptions 


Adjustment  to  correct  labor  to  safety  level  D 
1.05 

20,000  square  footage 
6  number  of  panels 

Number  of  wells  needed  to  remediate  a  single  panel  comprising  3333  ff 


Number  of  Well  depth 

Well  type 
Injection 

wells 

(ft) 

3 

20 

pore  volume  [gal]: 

37,403 

Extraction 

Hydraulic 

6 

20 

tot  extract  rate; 

18 

gpm 

control 

2 

20 

treat.  Inject,  rate: 

6 

gpm 

Multilevel  s< 
Other 

NA 

8 

20 

20 

Days  per  PV: 

4.0 

gpm 

IDNAPL  Source  Zone  CharacterlzatlorT 


1 60  Number  of  borings 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

0 

2400 

0 

2400 

2400 

Mob/demob  CPT  rig 

EA 

50 

0 

250 

0 

12500 

12500 

CPT  pushes 

LF 

3200 

15.89 

0 

53390.4 

0 

53390.4 

Soil  borings  4  inch  diameter  hollow  stem 

EA 

480 

0 

110 

0 

52800 

52800 

Soil  VOC  analyses 

EA 

5 

0 

70 

0 

350 

350 

Geotech  analyses 

EA 

50 

0 

110 

0 

5500 

5500 

Ground  water  analyses.  VOC 

EA 

16 

0 

50 

0 

800 

800 

Ground  water  analyses,  anion/catior 

EA 

5 

0 

175 

0 

875 

875 

Soil  XRD  analysis 

EA 

5 

0 

30 

0 

150 

150 

Soil  foe  and  moisture  content  analysis 

HR 

530 

30 

0 

16695 

0 

16695 

Sampling  labor 

EA 

1 

0 

10000 

0 

10000 

10000 

Plan  and  report  preparation 

$  155,460.40  Site  Characterization  Total 


Surfactant  Selection 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

0 

10000 

0 

10000 

10000 

Surfactant  phase  behavior  testing 

EA 

1 

0 

10000 

0 

10000 

10000 

Soil  column  test 

EA 

1 

0 

5000 

0 

5000 

5000 

Plan  and  report  preparation 

$  25,000.00  Surfactant  Testing  Total 


nch-Scale  Aboveg 

round  Treatment  Equ 

pment  Testing 

Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

0 

10000 

0 

10000 

10000 

Air  stripper  test 

EA 

1 

0 

10000 

0 

10000 

10000 

Biodegradation  test 

EA 

1 

0 

5000 

0 

5000 

5000 

Plan  and  report  preparation 

$  25,000.00  Bench-Scale  Equipment  Testing  Total 
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Table  B.17.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88 
High  Permeability  Panel  of  One-Half  Acre,  Polymer 


Preliminary  Field  Testing 


2200  Flush  fluid  volume  (gal) 

6600  Containment  fluid  volume  (gal)  7.5  Duration  [days] 

1 1 000  Extracted  fluid  volume  (gal) _ 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumotion 

Item  description 

EA 

1 

1546.86 

690.68 

1624.203 

690.68 

2314.883 

Injection  well  installation  -  outside 

EA 

2 

1409.46 

490.08 

2959.866 

980.16 

3940.026 

Extraction  well  installation  -  outside 

EA 

1 

349.75 

1950 

367.2375 

1950 

2317.238 

Pump  installation 

EA 

2 

1409.46 

490.08 

2959.866 

980.16 

3940.026 

Hydraulic  control  well  installation  -  outside 

HR 

120 

30 

0 

3780 

0 

3780 

Field  test  technician  labor 

HR 

60 

70 

0 

4410 

0 

4410 

Field  test  professional  labor 

LB 

732.512 

3 

0 

2197.54 

2197.536 

Surfactant 

LB 

2930.048 

0.32 

0 

937.615 

937.6154 

I  PA 

LB 

135.51472 

0.45 

0 

60.9816 

60.98162 

CaCI2 

LB 

36.6256 

5 

0 

183.128 

183.128 

Polymer 

EA 

22 

0 

110 

0 

2420 

2420 

Analysis  of  injected  fluid 

EA 

22 

0 

110 

0 

2420 

2420 

Analysis  of  extracted  fluid 

EA 

1 

0 

2000 

0 

2000 

2000 

Waste  disposal  off  site 

EA 

1 

0 

10000 

0 

10000 

10000 

Plan  and  report  preparation 

$  40,921.43  Preliminary  Field  Testing  Total 


CITT/Free-Phase  Recovery 


112,208  Flush  fluid  volume  (gal)  3  Pore  volumes 

74,805  Containment  fluid  volume  (gal)  9.0  Duration  [days] 

233,766  Extracted  fluid  volume  (gal) _ _ _ _ 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

13.5 

0 

26 

0 

351 

351 

Analysis  of  injected  fluid 

EA 

40.5 

0 

40 

0 

1620 

1620 

Analysis  of  extracted  fluid 

EA 

2 

0 

170 

0 

340 

340 

Analysis  of  treated  waste 

HR 

144 

30 

0 

4536 

0 

4536 

Field  test  technician  labor 

HR 

72 

70 

0 

5292 

0 

5292 

Field  test  professional  labor 

LB 

2879.888 

0 

0.45 

0 

1295.95 

1295.95 

CaCI2  chemical  cost 

LB 

93.63 

0 

0.45 

0 

42.1339 

42.13386 

NaBr  tracer  chemical  cost 

GAL 

233766.25 

0 

0.00154 

0 

360 

360 

Treated  water  disposal  -  treated  on  site  capital  not  chargee 

EA 

1 

0 

15000 

0 

15000 

15000 

Plan  and  report  preparation 

$  28,837.08  CITT  Total 
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Table  B.17.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88 
High  Permeability  Panel  of  One-Half  Acre,  Polymer 


Initial  PITT  (optional) 


280,520  Flush  fluid  volume  (gal)  7.5  Pore  volumes 

187,013  Containment  fluid  volume  (gal)  22.5  Duration 

584,41 6  Extracted  fluid  volume  (gal) _ 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumotion 

Item  description 

EA 

18 

0 

110 

0 

1980 

1980 

Analysis  of  injected  fluid  VOCs 

EA 

12 

0 

40 

0 

480 

480 

Analysis  of  iniected  fluid  Ca 

EA 

108 

0 

110 

0 

11880 

11880 

Analysis  of  extracted  fluid 

EA 

144 

0 

110 

0 

15840 

15840 

Analysis  from  multilevel  samplinq  points 

EA 

4 

0 

170 

0 

680 

680 

Analysis  of  treated  waste 

HR 

360 

30 

0 

11340 

0 

11340 

Field  test  technician  labor 

HR 

180 

70 

0 

13230 

0 

13230 

Field  test  professional  labor 

LB 

82.5 

0 

0.88 

0 

72.5628 

72.56284 

Propanol  chemical  cost  flOOO  mo/kq] 

LB 

82.5 

0 

0.88 

0 

72.5628 

72.56284 

Methanol  chemical  cost  [1000  mg/kq) 

LB 

82.5 

0 

0.88 

0 

72.5628 

72.56284 

4-methvl-2-oentanol  chemical  cost  [1000  mq/kol 

LB 

82.5 

0 

0.88 

0 

72.5628 

72.56284 

Hexanol  chemical  cost  [1000  ,mg/kgl 

LB 

57.7 

0 

0.88 

0 

50.794 

50.79399 

Heptanol  chemical  cost  [700  mq/kql 

LB 

7199.72 

0 

0.45 

0 

3239.87 

3239.874 

CaCI2  chemical  cost 

GAL 

584415.63 

0 

0.00154 

0 

900 

900.0001 

Treated  water  disposal  -  treated  on  site  capital  not  charqec 

EA 

1 

0 

15000 

0 

15000 

15000 

Plan  and  report  preparation 

$  74,910.92  Initial  PITT  Total 


Final  PITT  (optional) 


261,818  Flush  fluid  volume  (gal)  7  Pore  volumes 

174,545  Containment  fluid  volume  (gal)  21.0  Duration 

545,455  Extracted  fluid  volume  (gal) _ 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumotion 

Item  description 

EA 

18 

0 

110 

0 

1980 

1980 

Analysis  of  injected  fluid  VOCs 

EA 

9 

0 

40 

0 

360 

360 

Analysis  of  injected  fluid  Ca 

EA 

102 

0 

110 

0 

11220 

11220 

Analysis  of  extracted  fluid 

EA 

136 

0 

110 

0 

14960 

14960 

Analysis  from  multilevel  samplinq  points 

EA 

3 

0 

170 

0 

510 

510 

Analysis  of  treated  waste 

HR 

336 

30 

0 

10584 

0 

10584 

Field  test  technician  labor 

HR 

168 

70 

0 

12348 

0 

12348 

Field  test  professional  labor 

LB 

82.5 

0 

0.88 

0 

72.5628 

72.56284 

Propanol  chemical  cost 

LB 

82.5 

0 

0.88 

0 

72.5628 

72.56284 

Methanol  chemical  cost 

LB 

82.5 

0 

0.88 

0 

72.5628 

72.56284 

4-methvl-2-oentanol  chemical  cost 

LB 

82.5 

0 

0.88 

0 

72.5628 

72.56284 

Hexanol  chemical  cost 

LB 

57.7 

0 

0.88 

0 

Heptanol  chemical  cost 

LB 

6719.7386 

0 

0.45 

0 

CaCI2  chemical  cost 

GAL 

0 

0.00154 

0 

Treated  water  disposal  -  treated  on  site  capital  not  charqec 

EA 

1 

0 

0 

Plan  and  report  preparation 

$  71,166.93  Final  PITT  Total 
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Engineering  Design  and  Modeling 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

0 

20000 

0 

20000 

20000 

Computer  modelinq 

EA 

1 

0 

49,207.69 

0 

49207.7 

49207.69 

Plan  development 

$  69,207.69  Engineering  Design  and  Modelling 


Performance  Assessment 


1 60  Number  of  borings  (3  samples  per  boring) 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

LF 

3200 

15.89 

0 

53390.4 

0 

53390.4 

Soil  borinqs  4  Inch  diameter  hollow  stem 

EA 

504 

0 

110 

0 

55440 

55440 

Soil  VOC  analyses 

EA 

160 

0 

110 

0 

17600 

17600 

Ground  water  analyses 

HR 

664 

30 

0 

20916 

0 

20916 

Sampling  labor 

EA 

1 

0 

30000 

0 

30000 

30000 

Plan  and  report  preparation 

$  177,346.40  Performance  Assessment 


Construction  Cost 


Site  Preparation _ Site  Preparation 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

SY 

133 

16.03 

6.12 

2238.5895 

813.96 

3052.55 

Equipment  pad 

LF 

140 

5.05 

1.69 

742.35 

236.6 

978.95 

Secondary  containment  8  in  curt 

EA 

1 

0 

2280 

0 

2280 

2280 

Office  trailer  20x8 

LF 

300 

3.01 

0.12 

948.15 

36 

984.15 

Water  hookup  1  In  PVC 

LF 

300 

7.41 

10.2 

2334.15 

3060 

5394.15 

Electrical  hookup 

EA 

1 

250 

250 

262.5 

250 

512.5 

Propane  supply  setup 

LF 

300 

5.99 

4.35 

1886.85 

1305 

3191.85 

Sewer  pipe 

EA 

1 

0 

2150 

0 

2150 

2150 

Sewer  connection  fee 

8412.5895  10131.6  $  18,544.15  Site  Preparation  Total 


DNAPL  Decant  Tank _ DNAPL  Decant  Tank 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

39.22 

7850 

41.181 

7850 

7891.181 

DNAPL  phase  separator  2  qpm 

EA 

1 

189.21 

616.45 

198.6705 

616.45 

815.1205 

0.5 

DNAPL  transfer  pump 

EA 

1 

189.21 

616.45 

198.6705 

616.45 

815.1205 

0.5 

DNAPL  disposal  pump 

EA 

1 

0 

64.83 

0 

64.83 

64.83 

DNAPL  storage  tank  55  qal 

EA 

1 

189.21 

616.45 

198.6705 

616.45 

815.1205 

0.5 

Water  transfer  pump 

637.1925  9764.18  $  10,401.37  Decant  Tank  Total 


B-64 


Table  B.17.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88 
High  Permeability  Panel  of  One-Half  Acre,  Polymer 


Air  Stripping  System _ _ _ _ _ _ _ _ Air  Stripping  Systerr, 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

0 

685.94 

0 

685.94 

685.94 

Stripper  feed  tank 

EA 

1 

189.21 

616.45 

198.6705 

616.45 

815.1205 

0.5 

Air  stripper  feed  pump  1 0  ppm 

EA 

1 

0 

434.96 

0 

434.96 

434.96 

Anti-foam  storaae  tank  1 10  aal  polv 

EA 

1 

452 

2780 

474.6 

2780 

3254.6 

0.5 

Anti-foam  transfer  pump  1  qph 

EA 

1 

200 

1000 

210 

1000 

1210 

0.5 

Anti-foam  mixer 

EA 

1 

11843.47 

36250.04 

12435.644 

36250 

48685.68 

Air  stripper 

EA 

1 

121.4 

11886 

127.47 

11886 

12013.47 

0.75 

Air  stripper  blower  1 50  SCFM 

EA 

1 

189.21 

616.45 

198.6705 

616.45 

815.1205 

0.5 

Air  stripper  sump  pump  1 0  ppm 

13645.055  54269.8  $  67,914.89  Air  Stripper  Total 


Stripper  Off-Gas  Treatment  System _ _ _ _ _ _ Stripper  Off-Gas  Treatment  Systerr 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

1257.78 

55166 

1320.669 

55166 

56486.67 

Catalytic  oxidizer  1 50  SCFM  recup 

EA 

1 

7506.59 

13987.177 

7881.9195 

13987.2 

21869.1 

Caustic  scrubber 

EA 

1 

0 

737.31 

0 

737.31 

737.31 

Caustic  mix  tank  500  pal  poly 

EA 

1 

189.21 

616.45 

198.6705 

616.45 

815.1205 

0.5 

Caustic  transfer  pump  10  ppm 

EA 

1 

121.4 

8540 

127.47 

8540 

8667.47 

0.75 

OG  blower  150  SCFM 

LF 

20 

14.43 

43.4 

303.03 

868 

1171.03 

OG  stack 

9831.759  79914.9  $  89,746.70  Off-Gas  Treatment  System  Total 


Stripper  Bottoms  Biotreatment 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

0 

84,925 

0 

84925 

84925 

Fixed  film  treatment  unit  1  -1 0  ppm 

EA 

1 

985.68 

4351 

1034.964 

4351 

5385.964 

Boiler 

EA 

1 

113 

1526 

118.65 

1526 

1644.65 

Heat  exchanqer 

EA 

1 

103.23 

1848 

108.3915 

1848 

1956.392 

0.75 

Air  supply  blower  50  cfm 

EA 

1 

103.23 

1848 

108.3915 

1848 

1956.392 

0.75 

GAC  supply  blower  50  SCFM 

EA 

2 

59.02 

435 

123.942 

870 

993.942 

GAC  canisters  50  SCFM  110  lb 

LB 

220 

0 

0.99 

0 

217.8 

217.8 

GAC  media 

1494.339  95585.8  $  97,080.14  Stripper  Bottoms  Biotreatment  Total 


injection  Welis _ (assumes  pilot  test  wells  are  used  for  remediation) _ Injection  Wells 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

2 

1546.86 

690.68 

3248.406 

1381.36 

4629.766 

Well  installation  -  outside 

EA 

0 

1796.86 

690.68 

0 

0 

0 

Well  installation  -  inside 

3248.406  1381.36  $  4,629.77  Injection  Well  Total 
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Extraction  Wells  (assumes  pilot  test  wells  are  used  for  remediation) _ _ _ Extraction  Wells 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

5 

1409.46 

490.08 

7399.665 

2450.4 

9850.065 

Well  installation  -outside 

EA 

0 

1659.46 

490.08 

0 

0 

0 

Well  installation  -inside 

EA 

5 

349.75 

1950 

1836.1875 

9750 

11586.19 

1.65 

Pump  Installation 

9235.8525  12200.4  $  21,436.25  Extraction  Well  Total 


Hydraulic  Control  Wells _ (assumes  pilot  test  wells  are  not  used  for  remediation) _ Hydraulic  Control  Wells 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

2 

1409.46 

490.08 

2959.866 

980.16 

3940.026 

Well  installation  -  outside 

EA 

0 

1659.46 

490.08 

0 

0 

0 

Well  installation  -  Inside 

2959.866  980.16  $  3,940.03  Hydraulic  Control  Well  Total 


Multilevel  sampling  points _ Multilevel  sampling  pointi 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

8 

1961.55 

492.88 

16477.02 

3943.04 

20420.06 

3-Level  sampling  point  installation  -  outside 

EA 

0 

2544.55 

492.88 

0 

0 

0 

3-Level  sampling  point  installation  -  inside 

16477.02  3943.04  $  20,420.06  Multilevel  Sampling  Point  Total 


Above  ground  piping _ _ _ _ _ _ _ Above  ground  piping 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

LF 

300 

1.72 

0.3 

541.8 

90 

631.8 

Iniection  piping  1  in  PVC 

LF 

270 

2.51 

0.88 

711.585 

237.6 

949.185 

Extraction  piping  1  in  chem  resistant 

LF 

200 

1.72 

0.3 

361.2 

60 

421.2 

Iniection  piping  1  in  PVC 

EA 

2 

0 

500 

0 

1000 

1000 

Filters 

EA 

2 

0 

250 

0 

500 

500 

Mixing  tee 

EA 

1 

0 

500 

0 

500 

500 

In-line  mixer 

EA 

48 

0 

2.86 

0 

137.28 

137.28 

Connectors 

EA 

1 

189.21 

616.45 

198.6705 

616.45 

815.1205 

0.5 

Water  injection  pump 

EA 

24 

17.71 

89 

446.292 

2136 

2582.292 

Flow  control  valves 

EA 

24 

45.2 

226 

1139.04 

5424 

6563.04 

Pressure  instruments 

EA 

24 

11 

55 

277.2 

1320 

1597.2 

SCADA  input  channels 

EA 

24 

9 

45 

226.8 

1080 

1306.8 

SCADA  output  channels 

EA 

3 

34 

170 

107.1 

510 

617.1 

SCADA  channel  racks 

EA 

3 

45 

225 

141.75 

675 

816.75 

SCADA  brain  boards 

EA 

1 

240 

1200 

252 

1200 

1452 

SCADA  controller 

EA 

1 

0 

2500 

0 

2500 

2500 

SCADA  programming 

4403.4375  17986.3  $  22,389.77  Above  Ground  Piping  Total 
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Chemical  Addiiion  System _ Chemical  Addition  Systerr 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

452 

2780 

474.6 

2780 

3254.6 

0.5 

Surfactant  metering  pump  1  gph 

EA 

1 

452 

2780 

474.6 

2780 

3254.6 

0.5 

IPA  meterina  pump  1  gph 

EA 

1 

452 

2780 

474.6 

2780 

3254.6 

0.5 

CaCI2  metering  pump  to  water  lines  1  gph 

EA 

1 

452 

2780 

474.6 

2780 

3254.6 

0.5 

CaCI2  metering  pump  to  surfactant  1  gph 

EA 

1 

236.6 

2366 

248.43 

2366 

2614.43 

Surfactant  storage  tank,  4000  gal  plastic 

EA 

1 

301.5 

3015 

316.575 

3015 

3331.575 

Alcohol  storage  tank,  5000  gal  plastic 

EA 

1 

36.2 

362 

38.01 

362 

400.01 

CaCI2  solution  storage  tank,  500  gal  plastic 

EA 

1 

200 

1000 

210 

1000 

1210 

0.5 

CaCI2  solution  mixer 

2711.415  17863  $  20,574.42  Chem  Add  Total 


Disposal  of  Drill  Cuttings _ Disposal  of  Drill  Cuttings 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

CY 

4.9196708 

0 

140 

0 

688.754 

688.7539 

Off-site  disposal  of  soil 

0  688.754  $  688.75  Drill  Cutting  Disposal  Total 


Site  Restoration _ Site  Restoration 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

11 

60 

0 

693 

0 

693 

Well  abandonment 

AC 

0.25 

275.84 

0 

72.408 

0 

72.408 

Site  cleanup 

765.408  0  $  765.41  Site  Restoration  Total 


$  113,388.60  Total  Direct  Capital  -  SEAR 

$  265,143.10  Total  Direct  Capital  -  Effluent  Treatment 

$  378,531.70  Total  Direct  Capital 

7  Power  -  SEAR 
4.65  Power  -  Effluent  Treatment 

1 1 .65  Total  power  consumption  (HP) 


Indirect  Capital  Cost 


$  26,514.31  Field  supervision  and  QA  and  H&S  support -SEAR 

$  26,514.31  Overhead  and  administration  -  SEAR 

$^^26^514^31  Contingency  -  SEAR 

$  79,542.93  Total  Indirect  Capital  -  SEAR 


1 1 ,338.86  Field  supervision  and  QA  and  H&S  support  -  Effluent  Treal 

1 1 ,338.86  Overhead  and  administration  -  Effluent  Treat 

1 1 ,338.86  Contingency  -  Effluent  Treal 

34,016.58  Total  Indirect  Capital  -  Effluent  Treat 


$  113,559.51  Total  Indirect  Capital 


$  1 92,931 .53  Total  Capital  -  SEAR 

$  299,1 59.68  Total  Capital  -  Effluent  Treatment 

1$  492,091.21  Total  Capital  | 
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Operating  and  Maintenance  Costs 

1  PV  water  flood,  2  PV  surfactant  flush,  3  PV  water  flood,  polymer  Is  Injected  during  each  phase 


Chemical  costs 

74805.2  Surfactant  fluid  volume  (gal) 
149610.4  Water  flushing  volume  (gal) 
149610.4  Containment  fluid  volume  (gal) 


Chemical  costs 


4.0  Initial  water  flood  duration  (days) 
8.0  Surf  flush  duration  (days) 

12.0  Final  water  flood  duration  (days) 
24.0  Total  duration 


Units 

Units  used 

Unit  price 

Item  cost 

Total  cost 

Item  description 

LB 

24907.139 

3 

74721.42 

Surfactant 

LB 

49814.279 

0.32 

15940.57 

IPA 

LB 

5759.776 

0.45 

2591.899 

CaCi2 

LB 

934.01773 

5 

4670.089 

Polymer 

$  97,923.98 

Chemical  Cost  -  SEAR 

LB 

389.17405 

1 

389.1741 

lAnti-foam  agent 

$  389.17 

Chemical  Cost  -  Effluent  Treatment 

98,313.15  Chemical  Cost  Total 


Labor  costs _ Labor  costs 


Units 

Units  used 

Unit  price 

Item  cost 

Total  cost 

Item  description 

HR 

288 

30 

8640 

Operating  labor 

HR 

96 

30 

2880 

Monitoring  labor 

HR 

150 

70 

10500 

Professional  labor 

$  22,020.00 

Labor  costs  -  SEAR 

HR 

96 

30 

2880 

Operating  labor 

HR 

5 

30 

150 

Monitoring  labor 

HR 

96 

70 

6720 

Professional  labor 

$  9,750.00 

Labor  costs  -  Effluent  Treatmen, 

$  31,770.00  Labor  Cost  Total 


Analysis  costs-  off-site _ Analysis  costs 


Units 

Units  used 

Unit  price 

Item  cost 

Total  cost 

Item  description 

EA 

90 

80 

7200 

Surfactant  fluid  analysis 

EA 

6 

20 

120 

Electrolyte  anaivsis 

$  7,320.00 

1  Off-site  Analysis  Cost  -  SEAR  \ 

EA 

4 

80 

320 

Analysis  of  treated  fluids 

EA 

1 

95 

95 

Analysis  of  off-gas 

$  415.00 

1  Off-site  Analysis  Cost  -  Effluent  Treatmen.  I 

$  7,735.00  Analysis  Cost  Total 


Analysis  costs-  on-site  (Operating  labor  is  included  in  Labor  costs 


Units 

No  of  units 

Item  cost 

Item  cost 

Total  cost 

Power 

Consumption 

Item  description 

EA 

1 

26000 

26000 

0.5 

lOn-line  GC  -i-  autosampler  I 

EA 

1 

4000 

4000 

Customized  sample  port 

EA 

1 

1500 

1500 

0.8 

Computer  I 

EA 

4 

50 

200 

I  Miscellaneous  GC  supplies  I 

EA 

1 

600 

600 

Backup  GC  column 

EA 

4 

20 

80 

GC  column  liner 

EA 

1 

4500 

4500 

IContigency  supplies/service  I 

$  35,343.33  On-site  Analysis  Cost  -  SEAR 

$  1 ,536.67  On-site  Analysis  Cost  -  Effluent  Treatmen. 

$  36,880.00  On-site  Analysis  Cost  Total 

$  44,615.00  Analysis  Cost  Total 
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Utilities/misc 


Unit  price 


Item  description 


0.07 


Electricity  cost 


Utilities  -  SEAR 


Treated  water  discharge  to  POTW 


Fuel  cost 


Electricity  cost 


Air  stripper  packing  cleaning 


Scrubber  soln  disposal 


Biotreatment  OG  GAC  replacement 


Biotreatment  sludge  disposal 


Utilities  -  Effluent  Treatmem 


11,235.85  Utlllties/MIsc  Total  -  Panel  1 


$  162,856.86  Total  O&M  ■  SEAR 

$  23,077.14  Total  O&M  -  Effluent  Treatment 

$  185,934.00  Total  O&M  -  Panel  1 


$  25,000.00 

$  25,000.00 

$  40,921.43 

$  28,837.08 

$  69,207.69 


Surfactant  Testing 

Bench-Scale  Aboveground  Testing  (H20  Treat) 
Preliminary  Field  Testing 
CITT/Free-Phase  Recovery  -  Panel  1 
Engineering  Design  and  Modeling 


$  519,754.60  Total  Cost  -  Panel!  -  SEAR 

$  347,236.82  Total  Cost  ■  Panel  1  ■  Effluent  Treatmen. 

1$  866,991.42  Total  Cost- Panell  I 


[Unit  Costs  for  Remediation  of  Panel  1 

3,333  Area(SF)  1358  Volume  (CY) 

$260.1 2  Unit  cost  ($/SF)  $638.48  Unit  cost  ($/CY) 


441 .00  Volume  of  DNAPL  (gal) 
1,965.97  Unit  cost  ($/gal  DNAPL) 
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[Costs  for  Panels  ?  (i 

Construction  Cost 

Note:  effluent  treatment  system  costed  for  panel  1 
is  used  for  panels  2-6  so  there  are  no  additiona 
capital  costs  for  effluent  treatment  for  panels  2-6 


Operating  and  Maintenance  Costs 

Note:  On-line  GC  system  costed  for  panel  1 
is  used  for  panels  2-6  so  there  are  no  additiona 
capital  costs  for  on-sIte  analyses  for  panels  2-6 


$ 

23,148.83 

Injection  Well  Total,  Panels  2  -  6 

$ 

107,181.26 

Extraction  Well  Total,  Panels  2  -  € 

$ 

19,700.13 

Hydraulic  Control  Well  Total,  Panels  2  -  € 

$ 

102,100.30 

Multilevel  Sampling  Point  Total,  Panels  2 

$ 

3,443.77 

Drill  Cutting  Disposal  Total,  Panels  2-6 

$ 

3,827.04 

Site  Restoration  Total,  Panels  2  -  6 

$ 

259,401.33 

Total  Direct  Capital,  Panels  2  -  6 

$ 

25,940.13 

Field  supervision  and  QA  and  H&S  support 

$ 

25,940.13 

Overhead  and  administration 

$ 

25,940.13 

Contingency 

$ 

77,820.40 

Total  Indirect  Capital,  Panels  2-  6 

$ 

337,221.73 

Total  Capital,  Panels  2  -  6 

$ 

489,619.88 

$ 

1,945.87 

$ 

491,565.75 

$ 

110,100.00 

$ 

48,750.00 

$ 

158,850.00 

Chem  -  SEAR 
Chem  -  Effluent  Treatment 
Chemical  Cost  Total,  Panels  2  -  6 
Labor  -  SEAR 
Labor  -  Effluent  Treatmem 
Labor  Cost  Total,  Panels  2  -  6 
62,379.17  Analysis  -  SEAR 
3,195.83  Analysis  -  Effluent  Treatmem 
65,575.00  Analysis  Cost  Total,  Panels  2  -  6 


$ 

1,247.76 

Util  -  SEAR 

$ 

54,931.49 

Util  -  Effluent  Treatmem 

$ 

56,179.26 

Utilities/MIsc  Total  -  Panels  2  -  6 

$ 

663,346.81 

Total  O&M  -  Panels  2-6  -  SEAR 

$ 

108,823.20 

Total  O&M  -  Panels  2-6  -  Effluent  Treatmen 

$ 

772,170.00 

Total  O&M  -  Panels  2  -  6 

_$ _ -  Surfactant  Testing 

_$ _ -  Bench-Scale  Aboveground  Testing 

_$ _ -  Preliminary  Field  Testing 

$  144,185.42  CITT/Free-Phase  Recovery  -  Panels  2  -  6 

$  138,415.38  Engineering  Design  and  Modeling,  Panels  2  -  6 


$ 

1,283,169.34 

Total  Cost  -  Panels  2-6  -  SEAR 

$ 

108,823.20 

Total  Cost  -  Panels  2-6  -  Effluent  Treatmen 

$ 

1,391,992.53 

Total  Cost  -  Panels  2  -  6 

$ 

1,802,923.93 

Total  Cost  -  entire  ste  (0.5  acre)  -  SEAR 

$ 

456,060.02 

Total  Cost  -  entire  ste  (0.5  acre)  -  Effluent  Treatmen 

$ 

2,258,983.95 

Total  Cost  -  entire  site  (0.5  acre] 

TOTALS  for  a  0.5-acre  high-K  site 


Unit  Costs  for  Remediation 

20000  Area  (SF) 

8148  Volume  (CY) 

3528.00  Volume  of  DNAPL  (gal) 

$112.95  Unit  cost  ($/SF) 

$277.24  Unit  cost  ($/CY) 

$ 

640.30  Unit  cost  ($/gal  DNAPL) 

Unit  Costs  for  Source  Zone  Charact^ization 

t 

155,460.40  Source  Zone  Characterization 

20000  Area  (SF) 

8148  Volume  (CY) 

2646.00  Volume  of  DNAPL  (gal) 

$7.77  Unit  cost  ($/SF) 

$19.08  Unit  cost  ($/CY) 

$ 

58.75  Unit  cost  ($/gal  DNAPL) 

Unit  Costs  for  Performance  Assessment 

t 

177,346.40  Performance  Assessment 

20000  Area  (SF) 

463  Volume  (CY) 

441 .00  Volume  of  DNAPL  (gal) 

$8.87  Unit  cost  ($/SF) 

$383.04  Unit  cost  ($/CY) 

$ 

402.15  Unit  cost  ($/gal  DNAPL) 

Note: 

Acronyms 


AC 

Acre 

EA 

Each 

KW-HR 

Kilowatt-hour 

CY 

Cubic  yard 

GAL 

Gallon 

LB 

Pound 

DRU 

Drum 

HR 

Hour 

LF 

Linear  foot 

B-70 


Table  B.18.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88,  High  Permeabiiity  Panel  of  One-Half  Acre, 

Polymer:  SEAR  Cost  Detail 


Sewer  hook  up 


Labor 

Materials 

1.74 

4.35 

Sewer  pipe  4  inch  diameter 

4.25 

0 

Trench  2  ft  wide  x  4  ft  deep 

5.99 

4.35  Total  Sewer  Hookup  Cost 

Air  Stripper 


4  Dia  (ft) 


Labor 

Materials 

11843.47 

0 

5913.88 

24160 

0 

4612 

1220.59 

4076 

4709 

0 

0 

3402 

17.5  Height  (ft) 

Packing  reconditioning 

4  ft  dia  X  17.5  ft  packing 
Tower  internals 
Controls 
Installation 
Packing 


1 1 843.47  36250.04  Total  Tower  Cost 


219.912  Packing  vol  (CF) 


Caustic  Scrubber 


1 

Dia  (ft) 

14.5  Height  (ft) 

Labor 

Materials 

2879 

6660 

1  ft  dia  X  14.5  ft  packing 

0 

3075 

Tower  internals 

1220.59 

4076 

Controls 

3407 

0 

Installation 

0 

176 

Packing 

7506.59  13987.18  Total  Tower  Cost 


1 1 .3883  Packing  vol  (CF) 


Extraction  or  hydraulic  control  well  outside 


#  of  units 

Units 

Unit  labor 

Unit  mats 

Labor 

Materials 

10 

LF 

60.5 

23.83 

605 

238.30 

10 

LF 

6.07 

1.01 

60.7 

10.10 

1 

EA 

18.21 

35.8 

18.21 

35.80 

17 

LF 

11.29 

2.58 

191.93 

43.86 

3 

LF 

101.99 

8.38 

305.97 

25.14 

1 

EA 

227.65 

136.88 

227.65 

136.88 

1409.46 

490.08 

Item 

Stainless  steel  screen  2  in 
PVC  riser  2  in 
Stainless  steel  end  cap 
Gravel  pack 
Well  seal 

Well  surface  finish 

Unit  cost  for  ext  or  HC  well  outside 


1899.54  Total  cost 


94.98  Cost  per  foot 


Extraction  or  hydraulic  control  well  inside 


#  of  units 

Units 

Unit  labor 

Unit  mats 

Labor 

Materials 

1 

EA 

50 

0 

50 

0 

1 

EA 

200 

0 

200 

0 

10 

LF 

60.5 

23.83 

605 

238.30 

10 

LF 

6.07 

1.01 

60.7 

10.10 

1 

EA 

18.21 

35.8 

18.21 

35.80 

17 

LF 

11.29 

2.58 

191.93 

43.86 

3 

LF 

101.99 

8.38 

305.97 

25.14 

1 

EA 

227.65 

136.88 

227.65 

136.88 

1659.46 

490.08 

2149.54 

107.48 


Item 

Concrete  core 
Setup  low  profile  drilling 
Stainless  steel  screen  2 
PVC  riser  2  in 
Stainless  steel  end  cap 
Gravel  pack 
Well  seal 

Well  surface  finish 

Unit  cost  for  ext  or  HC 
Total  cost 
Cost  per  foot 


rig 

in 


well  inside 
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Table  B.18.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88,  High  Permeabiiity  Panel  of  One-Half  Acre, 

Polymer:  SEAR  Cost  Detail 


Injection  well  outside 


#  of  units 

Units 

Unit  labor 

Unit  mats 

Labor 

Materials 

10 

LF 

60.5 

23.83 

605 

238.30 

10 

LF 

6.07 

1.01 

60.7 

10.10 

1 

EA 

18.21 

35.8 

18.21 

35.80 

20 

LF 

4.37 

7.53 

87.4 

150.60 

1 

EA 

50 

50 

50 

50 

17 

LF 

11.29 

2.58 

191.93 

43.86 

3 

LF 

101.99 

8.38 

305.97 

25.14 

1 

EA 

227.65 

136.88 

227.65 

136.88 

1546.86 

690.68 

Item 

Stainless  steel  screen  2  in 
PVC  riser  2  in 
Stainless  steel  end  cap 
Injection  pipe  1  in  SS 
Packer 
Gravel  pack 
Well  seal 

Well  surface  finish 

Unit  cost  for  Injection  well  outside 


2237.54  Total  cost 


1 1 1 .88  Cost  per  foot 


Injection  well  inside 


#  of  units 

Units 

Unit  labor 

Unit  mats 

Labor 

Materials 

1 

EA 

50 

50 

0 

1 

EA 

200 

0 

200 

0 

10 

LF 

60.5 

23.83 

605 

238.30 

10 

LF 

6.07 

1.01 

60.7 

10.10 

1 

EA 

18.21 

35.8 

18.21 

35.80 

20 

LF 

4.37 

7.53 

87.4 

150.60 

1 

EA 

50 

50 

50 

50 

17 

LF 

11.29 

2.58 

191.93 

43.86 

3 

LF 

101.99 

8.38 

305.97 

25.14 

1 

EA 

227.65 

136.88 

227.65 

136.88 

1796.86 

690.68 

Item 

Concrete  core 

Setup  low  profile  drilling  rig 

Stainless  steel  screen  2  in 

PVC  riser  2  in 

Stainless  steel  end  cap 

Injection  pipe  1  in  SS 

Packer 

Gravel  pack 

Well  seal 

Well  surface  finish 

Unit  cost  for  Injection  well  inside 


2487.54  Total  cost 


124.38  Cost  per  foot 


3-level  sampling  point  outside 


#  of  units 

Units 

Unit  labor 

Unit  mats 

Labor 

Materials 

20 

LF 

16.65 

0 

333 

0 

3 

EA 

30 

30 

90 

90 

20 

LF 

4.37 

7.53 

87.4 

150.6 

9 

LF 

11.29 

2.58 

101.61 

23.22 

11 

LF 

101.99 

8.38 

1121.89 

92.18 

1 

EA 

227.65 

136.88 

227.65 

136.88 

1961.55 

492.88 

Item 

Drill  8  in  dia  hollow  stem 
Sampling  screens 
Sampling  pipe  1  in  SS 
Gravel  pack 
Well  seal 

Well  surface  finish 

Unit  cost  for  3-lvl  sampling  point  outside 


2454.43  Total  cost 


122.72  Cost  per  foot 


3-level  sampling  point  inside 


#  of  units 

Units 

Unit  labor 

Unit  mats 

Labor 

Materials 

1 

EA 

50 

50 

0 

1 

EA 

200 

0 

200 

0 

20 

LF 

33.3 

0 

666 

0 

3 

EA 

30 

30 

90 

90 

20 

LF 

4.37 

7.53 

87.4 

150.6 

9 

LF 

11.29 

2.58 

101.61 

23.22 

11 

LF 

101.99 

8.38 

1121.89 

92.18 

1 

EA 

227.65 

136.88 

227.65 

136.88 

2544.55 

492.88 

Item 

Concrete  core 

Setup  low  profile  drilling  rig 

Drill  8  in  dia  hollow  stem 

Sampling  screens 

Sampling  pipe  1  in  SS 

Gravel  pack 

Well  seal 

Well  surface  finish 

Unit  cost  for  3-lvl  sampling  point  inside 


3037.43  Total  cost 
1 51 .87  Cost  per  foot 
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Table  B.19.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
High  Permeability  Panel  of  One-Half  Acre,  Polymer:  Summary  of  General  Conditions 


General  Conditions 

Value 

Units 

Contaminant  to  be  remediated 

PCE 

Total  area  to  be  remediated 

20,000 

ft'^2 

Number  of  Panels  for  remediation 

6 

Depth  to  groundwater 

7 

ftbgs 

Depth  to  aquitard 

20 

ftbgs 

Saturated  thickness 

11 

ft 

Swept  thickness 

5 

ft 

Porosity 

0.3 

[-1 

Hydraulic  conductivity  =  lEE-4  m/sec 

l.OOE-04 

m/sec 

Total  volume 

o 

o 

o' 

ft'^3 

8,148 

cubic  yards 

1,645,714 

gallons 

Swept  volume 

100,000 

ft'^3 

748,052 

gallons 

Total  area  of  one  panel 

3,333 

ft'^2 

Swept  volume  of  one  panel 

16,667 

ft'^3 

124,675 

gallons 

Pore  volume  of  one  panel 

5,000 

ft'^3 

37,403 

gallons 

Number  of  injection  wells  per  panel 

3 

Number  of  extraction  wells  per  panel 

6 

Number  of  hydraulic  control  wells  per  panel 

2 

Number  of  monitoring  points  per  panel 

8 

[Labor  requirement  =  2  technicians  and  1  professional  for  8  hrs/day 

DNAPL  preflush  water  flooding  to  flush  1  PV  = 

37,403 

gal  injected 

Operating  time  =  PV  /  Q(inj) 

6,234 

minutes 

4.0 

days  per  PV 

|«  Q  (m3/d)  =  T  (m2/d)  *  S  (m)  *  0.7  =  (1.5m)(8.64m/d)(0.75in)(0.7)  =  6.8  m3/d  =  1.3  gpm  {per  well 

! 

«  Q  (m3/d)  =  T  (m2/d)  *  S  (m)  *  0.7  » 

Q  =  K*b*S*0.7  K= 

l.OE-02 

cm/s 

l.OE-04 

m/s 

8.64 

m/d 

b  = 

1.5 

m 

s  = 

3 

m 

27.216 

=  Q(m'^3/d) 

4.993 

=  Q  (gpm) 

Well 

Elow  Rate 
per  Well 

Total  Flow 

(gpm) 

(gpm) 

Injection  -  upper  section 

1 

3 

Injection  -  lower  section 

2 

6 

Hydraulic  control 

3 

6 

treatment  injection 

6 

sum  of  injections 

15 

18.75 

Extraction 

3 

18 

Total  extraction  rate 

18 

gpm 

Days  per  Pore  Volume 

4.3 

days 

Notes 


(Lower  portion  of  aquifer) 


Conversion  (this  is  the  bulk  volume  expressed  as  gallons) 
Conversion 


Conversion 

Conversion 


28,050/6.5  =  4,3 15  minutes  =  3.3  days  assuming  0.9  availability 


Composition 

0.185%  CaC12 
0.185%  CaC12 
0.185%  CaC12 
gpm 
gpm 

sum  times  1.25 

Produced  fluid  containing  100  mg/L  of  dissolved  PCE  and  free-phase 
DNAPL 

Extraction  sized  to  remove  1.25  times  the  total  injection  flow 
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Table  B.20.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88. 
High  Permeabiiity  Panel  of  One-Half  Acre,  Polymer:  SEAR  Equipment  Sizinc 


Assumptions 


1.3 

3 

6.7 

1.35 

6 

8.1 

1.00 

87000 


Surfactant  soln  flow  per  well  (gpm) 
Number  of  surfactant  injection  wells 
Number  of  days  of  surfactant  operation 
Extraction  well  flow  (gpm) 

Number  of  extraction  wells 
Air  stripper  inlet  water  flow  (gpm) 
Propane  cost  {$/lb) 

Propane  heating  value  (BTU/lb) 


Surfactant  chemical  use 


Total  quantity  used  to  calculate  chemical  costs  Used  to  size  storage  tanks 


37403 

0.040 

0.160 

0.002 

8.119 

9.156 

0.308 

6.944 

0.800 

12147 

4307.260 

8747 

562 

Total  surfactant  solution  used  (gal) 

Active  surfactant  cone 
I  PA  cone 
CaCI2  cone 
Soln  density  (Ib/gal) 

Surfactant  density  (Ib/gal) 

Surfactant  activity 
I  PA  stock  density  (Ib/gal) 

I  PA  stock  cone 

Amount  of  active  surfactant  used  (lbs) 
Amount  of  surfactant  stock  soln  used  (gals) 
Amount  of  IPA  stock  soln  used  (gals) 
Amount  of  CaCI2  used  (lbs) 


10 

56160 

0.040 

0.160 

0.002 

8.119 

9.156 

0.308 

6.944 

0.990 

18239 

6467.351 

10613 

844 

Chemical  storage  requirement  (days) 

Surfactant  solution  used  per  batch  (gal) 

Active  surfactant  cone 

IPA  cone 

CaCI2  cone 

Soln  density  (Ib/gal) 

Surfactant  density  (Ib/gal) 

Surfactant  activity 
IPA  stock  density  (Ib/gal) 

IPA  stock  cone 

Amount  of  active  surfactant  used  (lbs) 
Amount  of  surfactant  stock  soln  used  (gals) 
Amount  of  IPA  stock  soln  used  (gals) 
Amount  of  CaCI2  used  (lbs) 


Air  stripper  and  cat  ox  design 


Inlet  concentration  (mg/L) 

Stripper  loading  rate  based  on  Lowe  et  al  2000  p  69 

Removal  efficiency 

Molecular  weight  of  compound 

Gas  to  liquid  volumetric  flow  ratio 

Maximum  cone  at  inlet  to  cat  ox  unit  (ppmv) 

Oxidizer  heat  load  (BTU/hr/SCFM) 

Stripper  diameter  (ft) 

Mass  flow  of  contaminant  (grams/min) 

Molar  flow  of  contaminant  (moles/min) 

Required  molar  air  flow  (moles/min) 

Required  air  flow  to  dilute  contaminat  (SCFM) 

Required  air  flow  for  stripper  (SCFM) 

Use  larger  of  the  two  required  flows  (SCFM) 

Calc  fuel  cost  assuming  the  halocarbon  provides  no  heat  input 

Fuel  cost  for  cat  ox  unit  ($/hr) 


Biotreatment  heater  design 


50 

80 

1.0 


1.394 


Inlet  temperature  (F) 

Outlet  temp  (F) 

Fleat  capacity  of  water  (BTU/lb) 

Biotreatment  heater  fuel  cost  ($/hr) 
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Table  B-20.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88. 
High  Permeabiiity  Panel  of  One-Half  Acre,  Polymer:  SEAR  Equipment  Sizinc 


Cutting  volume 


Well  type 

Number  of 
wells 

Well  depth 
(ft) 

Bore  hole 
diameter 
(in) 

Volume  of 
cuttings  per 
well  (CF) 

Total  volume 
of  cuttings 
(CY) 

Injection 

3 

20 

8 

6.99 

0.78 

Extraction 

6 

20 

8 

6.99 

1.55 

Hydraulic  centre 

2 

20 

8 

6.99 

0.52 

Multi-level  samf 

8 

20 

8 

6.99 

2.07 

4.92  Total  cutting  volume  (CY) 
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Table  B.21.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
High  Permeability  Panel  of  One  Acre,  Polymer 

Assumptions _ 


Adjustment  to  correct  labor  to  safety  level  D 

1.05 

40,000  square  footage 

12  number  of  panels 

Number  of  wells  needed  to  remediate  a  single  panel  comprising  3333  ff 

Well  type 

Number  of  Well  depth 
wells  (ft) 

pore  volume  [gal]: 

37,403 

Injection 

Extraction 

3  20 

6  20 

tot  extract  rate: 

18 

gpm 

Hydraulic  cc 

2  20 

treat.  Inject,  rate: 

6 

gpm 

Multilevel  Sc 

8  20 

Days  per  PV; 

4.0 

days 

Other 

NA  20 

IDNAPL  Source  Zone  CharacterizatiorT 


320  Number  of  borings 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

0 

2400 

0 

2400 

2400 

Mob/demob  CPT  rig 

EA 

50 

0 

250 

0 

12500 

12500 

CPT  pushes 

LF 

6400 

15.89 

0 

106780.8 

0 

106780.8 

Soil  borings  4  inch  diameter  hollow  stem 

EA 

960 

0 

110 

0 

105600 

105600 

Soil  VOC  analyses 

EA 

5 

0 

70 

0 

350 

350 

Geotech  analyses 

EA 

50 

0 

110 

0 

5500 

5500 

Ground  water  analyses,  VOC 

EA 

32 

0 

50 

0 

1600 

1600 

Ground  water  analyses,  anion/cation 

EA 

5 

0 

175 

0 

875 

875 

Soil  XRD  analysis 

EA 

5 

0 

30 

0 

150 

150 

Soil  foe  and  moisture  content  analysis 

HR 

1010 

30 

0 

31815 

0 

31815 

Sampling  labor 

EA 

1 

0 

10000 

0 

10000 

10000 

Plan  and  report  preparation 

$  277,570.80  Site  Characterization  Total 


Surfactant  Selection 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

0 

10000 

0 

10000 

10000 

Surfactant  phase  behavior  testing 

EA 

1 

0 

10000 

0 

10000 

10000 

Soil  column  test 

EA 

1 

0 

5000 

0 

5000 

5000 

Plan  and  report  preparation 

$  25,000.00  Surfactant  Testing  Total 


Bench-Scale  Aboveground  Treatment  Equipment  Testing 


Units 

No  of  units 

Unit  labor 

cost 

Unit  mat 

cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

0 

10000 

0 

10000 

10000 

Air  stripper  test 

EA 

1 

0 

10000 

0 

10000 

10000 

Biodegradation  test 

EA 

1 

0 

5000 

0 

5000 

5000 

Plan  and  report  preparation 

25,000.00  Bench-Scale  Equipment  Testing  Total 
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Table  B.21.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
High  Permeability  Panel  of  One  Acre,  Polymer 


Preliminary  Field  Testing 


2200  Flush  fluid  volume  (gal) 

6600  Containment  fluid  volume  (gal)  7.5  Duration  [days] 

1 1 000  Extracted  fluid  volume  (gal) _ _ _ _ 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

1546.86 

690.68 

1624.203 

690.68 

2314.883 

Injection  well  installation  -  outside 

EA 

2 

1409.46 

490.08 

2959.866 

980.16 

3940.026 

Extraction  well  installation  -  outside 

EA 

1 

1950 

367.2375 

1950 

2317.2375 

Pump  installation 

sm 

2 

1409.46 

490.08 

2959.866 

980.16 

3940.026 

Hydraulic  control  well  installation  -  outside 

l!l;M 

120 

30 

0 

3780 

0 

3780 

Field  lest  technician  labor 

l!l;M 

60 

70 

0 

4410 

0 

4410 

Field  lest  professional  labor 

im 

3 

0 

2197.54 

2197.536 

Surfactant 

im 

0.32 

0 

937.615 

937.61536 

IPA 

im 

■fchMgWd 

0.45 

0 

60.9816 

60.981624 

CaCI2 

im 

5 

0 

183.128 

183.128 

Polymer 

EA 

22 

0 

110 

0 

2420 

Analysis  of  injected  fluid 

EA 

22 

0 

110 

0 

2420 

Analysis  of  extracted  fluid 

EA 

1 

0 

2000 

0 

2000 

Waste  disposal  off  site 

EA 

1 

0 

0 

10000 

10000 

Plan  and  report  preparation 

$  40,921.43  Preliminary  Field  Testing  Total 


CITT/Free-Phase  Recovery 


112,208  Flush  fluid  volume  (gal)  3  Pore  volumes 

74,805  Containment  fluid  volume  (gal)  9.0  Duration  [days] 

233,766  Extracted  fluid  volume  (gal) 


Units 

Total  cost 

Power 

consumption 

Item  description 

EA 

13.5 

0 

26 

0 

351 

351 

Analysis  of  injected  fluid 

0 

40 

0 

1620 

1620 

Analysis  of  extracted  fluid 

EA 

2 

0 

170 

0 

340 

340 

Analysis  of  treated  waste 

l!l;M 

144 

30 

0 

4536 

0 

4536 

Field  lest  technician  labor 

l!l;M 

72 

70 

0 

5292 

0 

5292 

Field  lest  professional  labor 

im 

0 

0.45 

0 

1295.95 

1295.9496 

CaCI2  chemical  cost 

im 

0 

0.45 

0 

42.1339 

42.13386 

NaBr  tracer  chemical  cost 

|e£]9 

0 

0 

360 

Treated  water  disposal  -  treated  on  site  capital  not  charged 

sm 

1 

0 

0 

15000 

15000 

Plan  and  report  preparation 

$  28,837.08  CITT  Total 
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Table  B.21.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
High  Permeability  Panel  of  One  Acre,  Polymer 


Initial  PITT  (optional) 


280,520  Flush  fluid  volume  (gal)  7.5  Pore  volumes 

187,013  Containment  fluid  volume  (gal)  22.5  Duration 

584,416  Extracted  fluid  volume  (gal) _ 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

18 

0 

110 

0 

1980 

1980 

Analysis  of  injected  fluid  VOCs 

EA 

12 

0 

40 

0 

480 

480 

Analysis  of  injected  fluid  Ca 

EA 

108 

0 

110 

0 

■IB 

Analysis  of  extracted  fluid 

EA 

144 

0 

110 

0 

15840 

Analysis  from  multilevel  sampling  points 

EA 

4 

0 

170 

0 

680 

680 

Analysis  of  treated  waste 

l!l;M 

360 

30 

0 

11340 

0 

^■IB 

Field  lest  technician  labor 

l!l;M 

180 

70 

0 

0 

Field  lest  professional  labor 

im 

82.5 

0 

0.88 

0 

72.5628 

72.562839 

Propanol  chemical  cost  [1000  mg/kgl 

im 

82.5 

0 

0.88 

0 

72.5628 

72.562839 

Methanol  chemical  cost  [1000  mg/kg] 

im 

82.5 

0 

0.88 

0 

72.5628 

72.562839 

4-melhyl-2-pentanol  chemical  cost  [1000  mg/kgl 

im 

82.5 

0 

0.88 

0 

72.5628 

72.562839 

Hexanol  chemical  cost  [1000  , mg/kg] 

im 

57.7 

0 

0.88 

0 

50.794 

50.793988 

Heptanol  chemical  cost  [700  mg/kgl 

im 

0 

0.45 

0 

3239.87 

3239.874 

CaCI2  chemical  cost 

|e£]9 

^3^ 

0 

0 

900 

Treated  water  disposal  -  treated  on  site  capital  not  charged 

EA 

1 

0 

0 

Plan  and  report  preparation 

$  74,910.92  Initial  PITT  Total 


Final  PITT  (optional) 


261,818  Flush  fluid  volume  (gal)  7  Pore  volumes 

174,545  Containment  fluid  volume  (gal)  21.0  Duration 

545,455  Extracted  fluid  volume  (gal) _ 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

18 

0 

110 

0 

1980 

1980 

Analysis  of  injected  fluid  VOCs 

EA 

9 

0 

40 

0 

360 

360 

Analysis  of  injected  fluid  Ca 

EA 

102 

0 

110 

0 

Bi^I 

^BIB] 

Analysis  of  extracted  fluid 

EA 

136 

0 

110 

0 

14960 

14960 

Analysis  from  multilevel  sampling  points 

EA 

3 

0 

170 

0 

510 

510 

Analysis  of  treated  waste 

l!l;M 

336 

30 

0 

0 

Field  lest  technician  labor 

l!l;M 

168 

70 

0 

0 

Field  lest  professional  labor 

DB 

82.5 

0 

0.88 

0 

72.5628 

72.562839 

Propanol  chemical  cost 

DB 

82.5 

0 

0.88 

0 

72.5628 

72.562839 

Methanol  chemical  cost 

DB 

82.5 

0 

0.88 

0 

72.5628 

72.562839 

4-melhyl-2-pentanol  chemical  cost 

DB 

82.5 

0 

0.88 

0 

72.5628 

72.562839 

Hexanol  chemical  cost 

DB 

57.7 

0 

0.88 

0 

50.794 

50.793988 

Heptanol  chemical  cost 

DB 

0 

0.45 

0 

3023.88 

3023.8824 

CaCI2  chemical  cost 

|e£]9 

0 

^eeeibi 

0 

840 

ISHilfH 

Treated  water  disposal  -  treated  on  site  capital  not  charged 

EA 

1 

0 

0 

^■bei 

^B@EE] 

Plan  and  report  preparation 

$  71,166.93  Final  PITT  Total 
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Table  B.21.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
High  Permeability  Panel  of  One  Acre,  Polymer 


Engineering  Design  and  Modeling 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

0 

0 

20000 

20000 

Computer  modeling 

EA 

1 

0 

BEBiHEgl 

0 

49207.7 

49207.69 

Plan  development 

$  69,207.69  Engineering  Design  and  Modelling 


Performance  Assessment 

320  Number  of  borings  (3  samples  per  boring) 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

6400 

0 

0 

Soil  borings  4  inch  diameter  hollow  stem 

EA 

1008 

0 

110 

0 

110880 

110880 

Soil  VOC  analyses 

EA 

320 

0 

110 

0 

35200 

35200 

Ground  water  analyses 

l!l;M 

1328 

30 

0 

41832 

0 

Sampling  labor 

1 

0 

0 

Plan  and  report  preparation 

$  324,692.80  Performance  Assessment 


Construction  Cost 


Site  Preparation _ Site  Preparation 


Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

133 

6.12 

2238.5895 

813.96 

3052.5495 

Equipment  pad 

140 

5.05 

1.69 

742.35 

236.6 

978.95 

Secondary  containment  8  in  curb 

1 

0 

2280 

0 

2280 

Office  trailer  20x8 

300 

3.01 

0.12 

36 

Water  hookup  1  in  PVC 

300 

7.41 

10.2 

2334.15 

3060 

5394.15 

Electrical  hookup 

sm 

1 

250 

250 

262.5 

250 

512.5 

Propane  supply  setup 

300 

5.99 

4.35 

1886.85 

1305 

3191.85 

Sewer  pipe 

1 

0 

0 

2150 

Sewer  connection  fee 

8412.5895  10131.6  $  18,544.15  Site  Preparation  Total 


DNAPL  Decant  Tank _ DNAPL  Decant  Tank 


Units 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

7850 

7850 

7891.181 

DNAPL  phase  separator  2  gpm 

1 

189.21 

616.45 

198.6705 

616.45 

815.1205 

0.5 

DNAPL  transfer  pump 

EA 

1 

189.21 

616.45 

198.6705 

616.45 

815.1205 

0.5 

DNAPL  disposal  pump 

EA 

1 

0 

0 

DNAPL  storage  tank  55  gal 

EA 

1 

189.21 

1  616.451 

198.6705 

I  616.451 

1  815.12051 

Water  transfer  pump 

637.1925  9764.18  $  10,401.37  Decant  Tank  Total 
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Table  B.21.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
High  Permeability  Panel  of  One  Acre,  Polymer 


Air  Stripping  System _ Air  Stripping  System 


Units 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

0 

0 

685.94 

685.94 

Stripper  feed  tank 

1 

189.21 

616.45 

198.6705 

616.45 

815.1205 

Air  stripper  feed  pump  1 0  ppm 

1 

0 

0 

434.96 

434.96 

Anti-foam  storage  tank  1 1 0  gal  poly 

EA 

1 

452 

2780 

474.6 

2780 

3254.6 

0.5 

Anti-foam  transfer  pump  1  gph 

EA 

1 

200 

1000 

210 

1000 

1210 

0.5 

Anti-foam  mixer 

EA 

1 

11843.47 

36250.04 

12435.644 

36250 

48685.683 

Air  stripper 

EA 

1 

121.4 

11886 

12013.47 

Air  stripper  blower  150  SCFM 

EA 

1 

189.21 

616.45 

616.45 

■snaiEga 

0.5 

Air  stripper  sump  pump  10  gpm 

13645.055  54269.8  $  67,914.89  Air  Stripper  Total 


Stripper  Off-Gas  Treatment  System _ Stripper  Off-Gas  Treatment  System 


Units 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

1257.78 

55166 

1320.669 

55166 

56486.669 

Catalytic  oxidizer  150  SCFM  recup 

1 

7506.59 

13987.177 

7881.9195 

13987.2 

21869.097 

Caustic  scrubber 

EA 

1 

0 

737.31 

0 

737.31 

737.31 

Caustic  mix  tank  500  gal  poly 

EA 

1 

189.21 

616.45 

198.6705 

616.45 

815.1205 

Caustic  transfer  pump  10  gpm 

EA 

1 

121.4 

8540 

8540 

8667.47 

OG  blower  150  SCFM 

LF 

20 

14.43 

43.4 

1171.03 

1 

1 

OG  stack 

9831.759  79914.9  $  89,746.70  Off-Gas  Treatment  System  Total 


Stripper  Bottoms  Biotreatment 


Units 

Total  cost 

Power 

consumption 

Item  description 

EA 

1 

0 

0 

84925 

84925 

Fixed  film  treatment  unit  1  -10  gpm 

1 

4351 

1034.964 

4351 

5385.964 

Boiler 

EA 

1 

113 

118.65 

1526 

1644.65 

Heat  exchanger 

EA 

1 

1848 

1848 

0.75 

Air  supply  blower  50  cfm 

EA 

1 

1848 

1848 

0.75 

GAC  supply  blower  50  SCFM 

EA 

2 

435 

870 

GAC  canisters  50  SCFM  1101b 

im 

220 

0 

0.99 

0 

217.8 

GAC  media 

1494.339  95585.8  $  97,080.14  Stripper  Bottoms  Biotreatment  Total 


injection  Welis _ (assumes  pilot  test  wells  are  used  for  remediation) _ Injection  Wells 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

2 

1546.86 

690.68 

3248.406 

1381.36 

4629.766 

Well  installation  -  outside 

EA 

0 

1796.86 

690.68 

0 

0 

0 

Well  installation  -  inside 

3248.406  1381.36  $  4,629.77  Injection  Well  Total 
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Table  B.21.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
High  Permeability  Panel  of  One  Acre,  Polymer 


Extraction  Wells  (assumes  pilot  test  wells  are  used  for  remediation) _ Extraction  Wells 


Units 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

5 

1409.46 

490.08 

7399.665 

2450.4 

9850.065 

Well  installation  -outside 

0 

1659.46 

490.08 

0 

0 

0 

Well  installation  -inside 

5 

1950 

1836.1875 

9750 

11586.188 

Pump  installation 

9235.8525  12200.4  $  21,436.25  Extraction  Well  Total 


Hydraulic  Control  Wells _ (assumes  pilot  test  wells  are  not  used  for  remediation) _ _ Hydraulic  Control  Wells 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

2 

1409.46 

490.08 

2959.866 

980.16 

3940.026 

Well  installation  -  outside 

EA 

0 

1659.46 

490.08 

0 

0 

0 

Well  installation  -  inside 

2959.866  980.16  $  3,940.03  Hydraulic  Control  Well  Total 


Multilevel  sampling  points _ Multilevel  sampling  points 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

8 

1961.55 

492.88 

16477.02 

3943.04 

20420.06 

3-Level  sampling  point  installation  -  outside 

EA 

0 

2544.55 

492.88 

0 

0 

0 

3-Level  sampling  point  installation  -  inside 

16477.02  3943.04  $  20,420.06  Multilevel  Sampling  Point  Total 


Above  ground  piping _ Above  ground  piping 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

300 

1.72 

0.3 

541.8 

90 

631.8 

Injection  piping  1  in  PVC 

270 

2.51 

0.88 

711.585 

237.6 

949.185 

Extraction  piping  1  in  chem  resistant 

200 

1.72 

0.3 

361.2 

60 

421.2 

Injection  piping  1  in  PVC 

EA 

2 

0 

500 

0 

1000 

1000 

Filters 

EA 

2 

0 

250 

0 

500 

500 

Mixing  tee 

EA 

1 

0 

500 

0 

500 

500 

In-line  mixer 

EA 

48 

0 

2.86 

0 

137.28 

137.28 

Connectors 

EA 

1 

189.21 

616.45 

198.6705 

616.45 

815.1205 

Water  injection  pump 

EA 

24 

17.71 

89 

446.292 

2136 

2582.292 

Flow  control  valves 

sm 

24 

45.2 

226 

Pressure  instruments 

IS 

24 

11 

55 

277.2 

1320 

1597.2 

SCADA  input  channels 

EA 

24 

9 

45 

226.8 

1080 

SCADA  output  channels 

EA 

3 

34 

170 

107.1 

510 

617.1 

SCADA  channel  racks 

EA 

3 

45 

225 

675 

SCADA  brain  boards 

EA 

1 

240 

1200 

252 

1200 

1452 

SCADA  controller 

EA 

1 

0 

2500 

0 

2500 

SCADA  programming 

4403.4375  17986.3  $  22,389.77  Above  Ground  Piping  Total 
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Table  B.21.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
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Chemical  Addition  System _ Chemical  Addition  System 


Units 

Total  cost 

Item  description 

EA 

1 

452 

2780 

474.6 

2780 

3254.6 

0.5 

Surfactant  metering  pump  1  gph 

1 

452 

2780 

474.6 

2780 

3254.6 

0.5 

IPA  metering  pump  1  gph 

1 

452 

2780 

474.6 

0.5 

CaCi2  metering  pump  to  water  lines  1  gph 

EA 

1 

452 

2780 

474.6 

CaCI2  metering  pump  to  surfactant  1  gph 

EA 

1 

2366 

248.43 

2366 

2614.43 

Surfactant  storage  lank,  4000  gal  plastic 

EA 

1 

301.5 

3015 

316.575 

3015 

3331.575 

Alcohol  storage  lank,  5000  gal  plastic 

EA 

1 

36.2 

362 

38.01 

362 

400.01 

CaCi2  solution  storage  tank,  500  gal  plastic 

EA 

1 

200 

210 

1210 

0.5 

CaCI2  solution  mixer 

2711,415  17863  $  20,574.42  Chem  Add  Total 


Disposal  of  Drill  Cuttings _ Disposal  of  Drill  Cuttings 


Units 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

1  01 

1  1401 

0 

688.754 

688.75391 

Off-site  disposal  of  soil 

0  688.754  $  688.75  Drill  Cutting  Disposal  Total 


Site  Restoration _ Site  Restoration 


Units 

No  of  units 

Unit  labor 
cost 

Unit  mat 
cost 

Labor  cost 

Mat  cost 

Item  cost 

Total  cost 

Power 

consumption 

Item  description 

EA 

11 

60 

0 

693 

0 

693 

Well  abandonment 

0.25 

0 

0 

Site  cleanup 

765.408  0  $  765.41  Site  Restoration  Total 


1 1 3,388.60  Total  Direct  Capital  -  SEAR 
265,143.10  Total  Direct  Capital  -  Effluent  Treatmment 

378,531.70  Total  Direct  Capital 


Indirect  Capital  Cost 


7  Power  -  SEAR 
4.65  Power  -  Effluent  Treatment 

1 1 .65  Total  power  consumption  (HP) 


$ 

11,338.86 

Field  supervision  and  QA  and  H&S  support  -  SEAR 

$ 

11,338.86 

Overhead  and  administration  -  SEAR 

$ 

11,338.86 

Contingency  -  SEAR 

$ 

34,016.58 

Total  Indirect  Capital  -  SEAR 

$ 

26,514.31 

Field  supervision  and  QA  and  H&S  support  -  Eff  Trl 

$ 

26,514.31 

Overhead  and  administration  -  Eff  Trt 

$ 

26,514.31 

Contingency  -  Eff  Trt 

$ 

79,542.93 

Total  Indirect  Capital  -  Effluent  Treatment 

$ 

113,559.51 

Total  Indirect  Capital 

$ 

147,405.18 

Total  Capital  -  SEAR 

$ 

344,686.03 

Total  Capital  -  Effluent  Treatment 

□I 

492,091.21 

Total  Capital  | 
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Operating  and  Maintenance  Costs  _ 

1  PV  water  flood,  2  PV  surfactant  flush,  3  PV  water  flood,  polymer  is  injected  during  each  phase 


Chemical  costs 

74805.2  Surfactant  fluid  volume  (gal) 

149610.4  Water  flushing  volume  (gal) 

149610.4  Containment  fluid  volume  (gal) 

467532.5  Extracted  fluid  volume  (gal) 


Chemical  costs 


4.0  Initial  water  flood  duration  (days) 
8.0  Surf  flush  duration  (days) 

12.0  Final  water  flood  duration  (days) 
24.0  Total  duration 


Units 

Units  used 

Unit  price 

Item  cost 

Total  cost 

Item  description 

am 

■gEliHllcEl 

3 

Surfactant 

im 

BfeMefctifcl 

0.32 

IPA 

im 

0.45 

BiHlEgEH 

CaCI2 

im 

MMLnintA 

5 

Polymer 

$  97,923.98 

im 

Chemical  Cost  -  Effluent  Treatment 

98,313.15  Chemical  Cost  Total 


Labor  costs _ Labor  costs 


Units 

Total  cost 

Item  description 

l!l;M 

288 

30 

Operating  labor 

l!l;M 

96 

30 

Monitoring  labor 

l!l;M 

150 

70 

Professional  labor 

\  Labor  Costs  -  SEAR  \ 

l!l;M 

96 

30 

Operating  labor 

l!l;M 

5 

30 

Monitoring  labor 

l!l;M 

96 

70 

Professional  labor 

rn 

1 

1  Labor  Costs  -  Effluent  Treatment  I 

$  31,770.00  Labor  Cost  Total 


Analysis  costs-  off-site _ Analysis  costs 


Units 

Item  cost 

Total  cost 

Item  description 

EA 

90 

80 

Surfactant  fluid  analysis 

IS 

6 

20 

Extracted  fluid  analysis  during  surf  flush 

$  7,320.00 

|Ana/vs/s  Cost  -  SEAR  \ 

EA 

4 

80 

Analysis  of  treated  fluids 

EA 

1 

95 

Analysis  of  off-gas 

1 

$  415.00 

\Analvsis  Cost  -  Effluent  Treatment  I 

$  7,735.00  Analysis  Cost  Total 


Analysis  costs-  on-site  (Operating  labor  is  inciuded  in  Labor  costs) 


Hi 

No  of  units 

Item  cost 

Item  cost 

Total  cost 

Power 

Consumption 

Item  description 

SB 

1 

SB 

1 

4000 

SB 

1 

1500 

SB 

4 

50 

SB 

1 

600 

lsSfSI9IRVET99S!IIR11!^^^l 

SB 

4 

20 

EA 

1 

Contigency  supplies/service 

$  35,343.33  On-site  Analysis  Cost  -  SEAR 

$  1 ,536.67  On-site  Analysis  Cost  -  Effluent  Treatment 

$  36,880.00  On-site  Analysis  Cost  Total 

$  44,615.00  Analysis  Cost  Total 
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Table  B.21.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
High  Permeability  Panel  of  One  Acre,  Polymer 


Utilities/misc _ Utilities/misc 


Units 

Units  used 

Unit  price 

Item  cost 

Total  cost 

Item  description 

KW-h 

3565.0426 

0.07 

249.55298 

Electricity  cost 

$  249.55 

Util  -  SEAR 

GAL 

467532.5 

0.00152 

710.6494 

Treated  water  discharge  to  POTW 

HR 

518.4 

4.465 

2314.656 

Fuel  cost 

KW-H 

1997.2829 

0.07 

139.8098 

Electricity  cost 

EA 

3 

2407 

7221 

Air  stripper  packing  cleaning 

GAL 

467.5325 

0.25 

116.88313 

Scrubber  soln  disposal 

LB 

220 

0.99 

217.8 

Biotrealment  OG  GAC  replacement 

DRU^ 

3 

88.5 

265.5 

Biotrealment  sludge  disposal 

$  10,986.30 

Util  -  Effluent  Treatment  1  1  1  1 

$  11,235.85  Utilltles/MIsc  Total  -  Panel  1 


$  162,856.86  Total  O&M  -  Panel  1  -  SEAR 

$  23,077.14  Total  O&M  -  Panel  1  -  Effluent  Treatment 

$  185,934.00  Total  O&M  -  Panel  1 


$  25,000.00 

$  25,000.00 

$  40,921.43 

$  28,837.08 

$  69,207.69 


Surfactant  Testing 

Bench-Scale  Abovegrnd  Testing  -  Eff  Trt 
Preliminary  Field  Testing 
CITT/Free-Phase  Recovery  -  Panel  1 
Engineering  Design  and  Modeling 


$  474,228.25  Total  Cost  -  Panel  1  -  SEAR 
$  392,763.17  Total  Cost  -  Panel  1  -  Eff  Trt 
$  866,991 .42  Total  Cost  -  Panel  1 


[Unit  Costs  for  Remediation  of  Panel  1 

3,333  Area  (SF)  1 358  Volume  (CY)  441 .00  Volume  of  DNAPL  (gal) 

$260.12  Unit  cost  ($/SF)  $638.48  Unit  cost  ($/CY)  $  1,965.97  Unit  cost  ($/gal  DNAPL) 


Costs  for  Panels  2  through  12 
Construction  Cost 

Note:  effluent  treatment  system  costed  for  panel  1 
is  used  for  panels  2-12  so  there  are  no  additional 
capital  costs  for  effluent  treatment  for  panels  2-12 


$ 

50,927.43 

$ 

235,798.78 

$ 

43,340.29 

$ 

224,620.66 

$ 

7,576.29 

$ 

8,419.49 

$ 

570,682.93 

Injection  Well  Total,  Panels  2-12 
Extraction  Well  Total,  Panels  2-12 
Hydraulic  Control  Well  Total,  Panels  2-12 
Multilevel  Sampling  Point  Total,  Panels  2-12 
Drill  Cutting  Disposal  Total,  Panels  2-12 
Site  Restoration  Total,  Panels  2-12 
Total  Direct  Capital,  Panels  2  - 12 


$ 

57,068.29 

$ 

57,068.29 

$ 

57,068.29 

$ 

171,204.88 

$ 

741,887.81 

Field  supervision  and  QA  and  H&S  support 
Overhead  and  administration 
Contingency 

Indirect  Capital,  Panels  2-12 
Capital,  Panels  2-12 
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Table  B.21.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
High  Permeability  Panel  of  One  Acre,  Polymer 


Operating  and  Maintenance  Costs 


$ 

1,077,163.73 

$ 

4,280.91 

$ 

1,081,444.64 

$ 

242,220.00 

$ 

107,250.00 

$ 

349,470.00 

$ 

137,234.17 

$ 

7,030.83 

$ 

144,265.00 

$ 

2,745.08 

$ 

120,849.28 

$ 

123,594.36 

$ 

1,459,362.98 

$ 

239,411.03 

$ 

1,698,774.01 

Chemical  Cost  -  Panels  2- 12  -  SEAR 

Chemical  Cost  -  Panels  2- 12  -  Effluent  Treatment 

Chemical  Cost  Total,  Panels  2-12 

Labor  Cost  -  Panels  2- 12  -  SEAR 

Labor  Cost  -  Panels  2-12  -  Effluent  Treatment 

Labor  Cost  Total,  Panels  2-12 


Util  Cost  ■  Panels  2- 12  -  SEAR 

Util  Cost  -  Panels  2- 12  -  Effluent  Treatment 

Utilitles/MIsc  Total  -  Panels  2  - 12 

Total  O&M  Cost  -  Panels  2-12  -  SEAR 

Total  O&M  Cost  -  Panels  2-12  -  Effluent  Treatment 

Total  O&M -Panels  2 -12 


$ 

$ 

$ 

$ 

317,207.92 

$ 

228,385.38 

$ 

2,746,844.08 

$ 

239,411.03 

$ 

2,986,255.11 

Surfactant  Testing  Panels  2-12 

Bench-Scale  Aboveground  Testing,  Panels  2  - 12,  Eff  Trt 
Preliminary  Field  Testing,  Panels  2-12 
CITT/Free-Phase  Recovery  -  Panels  2-12 
Engineering  Design  and  Modeling,  Panels  2-12 

Total  Cost  -  Panels  2-12  -  SEAR 

Total  Cost  -  Panels  2-12  -  Effluent  Treatment 

Total  Cost  -  Panels  2-12 


$  3,221 ,072.33  Total  Cost  -  Entire  Site  (1  acre)  -  SEAR 
$  632,174.20  Total  Cost  -  Entire  Site  (1  acre)  -  Effluent  Treatment 

$  3,853,246.53  Total  Cost  -  entire  site  (I  acre) 


TOTALS  for  a  one-acre  high-K  site 


Unit  Costs  for  Remediation 

40000  Area  (SF) 

16296.296  Volume  (CY) 

7056.00  Volume  of  DNAPL  (gal) 

$96.33  Unit  cost  ($/SF) 

$236.45  Unit  cost  ($/CY) 

$ 

546.10  Unit  cost  ($/gal  DNAPL) 

Unit  Costs  for  Source  Zone  Characterization 

$ 

277,570.80  Source  Zone  Characteriztion 

40000  Area  (SF) 

16296.296  Volume  (CY) 

2646.00  Volume  of  DNAPL  (gal) 

$6.94  Unit  cost  ($/SF) 

$17.03  Unit  cost  ($/CY) 

$ 

1 04.90  Unit  cost  ($/gal  DNAPL) 

Unit  Costs  for  Performance  Assessment 

$ 

324,692.80  Performance  Assessment 

40000  Area  (SF) 

463  Volume  (CY) 

441 .00  Volume  of  DNAPL  (gal) 

$8.12  Unit  cost  ($/SF) 

$701 .28  Unit  cost  ($/CY) 

$ 

736.26  Unit  cost  ($/gal  DNAPL) 

Note: 

Acronyms 


AC 

Acre 

EA 

Each 

KW-HR 

Kilowatt-hour 

CY 

Cubic  yard 

GAL 

Gallon 

LB 

Pound 

DRU 

Drum 

HR 

Hour 

LF 

Linear  fool 
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Table  B.22.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
High  Permeability  Panel  of  One  Acre,  Polymer:  SEAR  Cost  Detai 


Sewer  hook  up 


Labor 

Materials 

1.74 

4.35 

Sewer  pipe  4  inch  diameter 

4.25 

0 

Trench  2  ft  wide  x  4  ft  deep 

5.99 

4.35  Total  Sewer  Hookup  Cost 

Air  Stripper 


3  Dia  (ft) 


Labor 

Materials 

2407 

0 

5914 

18550 

0 

4612 

1221 

4076 

4709 

0 

0 

1914 

17.5  Height  (ft)  123.7005  Packing  voi  (CF) 
Packing  reconditioning 


3  ft  dia  X  17.5  ft  packing 
Tower  internais 
Controis 
instaiiation 
Packing 

1 1 843.47  291 51 .65  T otal  T ower  Cost 


Caustic  Scrubber 


1 

Dia  (ft) 

14.5  Height  (ft) 

Labor 

Materials 

2879 

6660 

1  ft  dia  X  14.5  ft  packing 

0 

3075 

Tower  internals 

1220.59 

4076 

Controls 

3407 

0 

Installation 

0 

176 

Packing 

7506.59  13987.18  Total  Tower  Cost 


11.3883  Packing  voi  (CF) 


Extraction  or  hydrauiic  controi  weli  outside 


#  of  units 

Units 

Unit  labor 

Unit  mats 

Labor 

Materials 

10 

LF 

60.5 

23.83 

605 

238.3 

10 

LF 

6.07 

1.01 

60.7 

10.1 

1 

EA 

18.21 

35.8 

18.21 

35.8 

17 

LF 

11.29 

2.58 

191.93 

43.86 

3 

LF 

101.99 

8.38 

305.97 

25.14 

1 

EA 

227.65 

136.88 

227.65 

136.88 

1409.46 

490.08 

item 

Stainiess  steel  screen  2  in 
PVC  riser  2  in 
Stainless  steel  end  cap 
Gravel  pack 
Well  seal 

Well  surface  finish 

Unit  cost  for  ext  or  HC  well  outside 


1899.54  Total  cost 


94.98  Cost  per  foot 


Extraction  or  hydraulic  control  well  inside 


#  of  units 

Units 

Unit  labor 

Unit  mats 

Labor 

Materials 

1 

EA 

50 

0 

50 

0 

1 

EA 

200 

0 

200 

0 

10 

LF 

60.5 

23.83 

605 

238.3 

10 

LF 

6.07 

1.01 

60.7 

10.1 

1 

EA 

18.21 

35.8 

18.21 

35.8 

17 

LF 

11.29 

2.58 

191.93 

43.86 

3 

LF 

101.99 

8.38 

305.97 

25.14 

1 

EA 

227.65 

136.88 

227.65 

136.88 

1659.46 

490.08 

2149.54 

107.48 


Item 

Concrete  core 
Setup  low  profile  drilling 
Stainless  steel  screen  2 
PVC  riser  2  in 
Stainless  steel  end  cap 
Gravel  pack 
Well  seal 

Well  surface  finish 

Unit  cost  for  ext  or  HC 
Total  cost 
Cost  per  foot 


rig 

in 


well  inside 
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Table  B.22.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
High  Permeability  Panel  of  One  Acre,  Polymer:  SEAR  Cost  Detai 


Injection  well  outside 


#  of  units 

Units 

Unit  labor 

Unit  mats 

Labor 

Materials 

10 

LF 

60.5 

23.83 

605 

238.3 

10 

LF 

6.07 

1.01 

60.7 

10.1 

1 

EA 

18.21 

35.8 

18.21 

35.8 

20 

LF 

4.37 

7.53 

87.4 

150.6 

1 

EA 

50 

50 

50 

50 

17 

LF 

11.29 

2.58 

191.93 

43.86 

3 

LF 

101.99 

8.38 

305.97 

25.14 

1 

EA 

227.65 

136.88 

227.65 

136.88 

1546.86 

690.68 

Item 

Stainless  steel  screen  2  in 

PVC  riser  2  in 

Stainless  steel  end  cap 

Injection  pipe  1  in  SS 

Packer 

Gravel  pack 

Well  seal 

Well  surface  finish 

Unit  cost  for  injection  well  outside 


2237.54  Total  cost 


111.88  Cost  per  foot 


Injection  well  inside 


#  of  units 

Units 

Unit  labor 

Unit  mats 

Labor 

Materials 

1 

EA 

50 

50 

0 

1 

EA 

200 

0 

200 

0 

10 

LF 

60.5 

23.83 

605 

238.3 

10 

LF 

6.07 

1.01 

60.7 

10.1 

1 

EA 

18.21 

35.8 

18.21 

35.8 

20 

LF 

4.37 

7.53 

87.4 

150.6 

1 

EA 

50 

50 

50 

50 

17 

LF 

11.29 

2.58 

191.93 

43.86 

3 

LF 

101.99 

8.38 

305.97 

25.14 

1 

EA 

227.65 

136.88 

227.65 

136.88 

1796.86 

690.68 

Item 

Concrete  core 

Setup  low  profile  drilling  rig 

Stainless  steel  screen  2  in 

PVC  riser  2  in 

Stainless  steel  end  cap 

Injection  pipe  1  in  SS 

Packer 

Gravel  pack 

Well  seal 

Well  surface  finish 

Unit  cost  for  injection  well  inside 


2487.54  Total  cost 


124.38  Cost  per  foot 


3-level  sampling  point  outside 


#  of  units 

Units 

Unit  labor 

Unit  mats 

Labor 

Materials 

20 

LF 

16.65 

0 

333 

0 

3 

EA 

30 

30 

90 

90 

20 

LF 

4.37 

7.53 

87.4 

150.6 

9 

LF 

11.29 

2.58 

101.61 

23.22 

11 

LF 

101.99 

8.38 

1121.89 

92.18 

1 

EA 

227.65 

136.88 

227.65 

136.88 

1961.55 

492.88 

Item 

Drill  8  in  dia  hollow  stem 
Sampling  screens 
Sampling  pipe  1  in  SS 
Gravel  pack 
Well  seal 

Well  surface  finish 

Unit  cost  for  3-ivl  sampiing  point  outside 


2454.43  Total  cost 


122.72  Cost  per  foot 


3-level  sampling  point  inside 


#  of  units 

Units 

Unit  labor 

Unit  mats 

Labor 

Materials 

1 

EA 

50 

50 

0 

1 

EA 

200 

0 

200 

0 

20 

LF 

33.3 

0 

666 

0 

3 

EA 

30 

30 

90 

90 

20 

LF 

4.37 

7.53 

87.4 

150.6 

9 

LF 

11.29 

2.58 

101.61 

23.22 

11 

LF 

101.99 

8.38 

1121.89 

92.18 

1 

EA 

227.65 

136.88 

227.65 

136.88 

2544.55 

492.88 

Items 

Concrete  core 

Setup  low  profile  drilling  rig 

Drill  8  in  dia  hollow  stem 

Sampling  screens 

Sampling  pipe  1  in  SS 

Gravel  pack 

Well  seal 

Well  surface  finish 

Unit  cost  for  3-ivl  sampling  point  inside 


3037.43  Total  cost 
151.87  Cost  per  foot 
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Table  B.23.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88, 
High  Permeability  Panel  of  One  Acre,  Polymer:  Summary  of  General  Conditions 


General  Conditions 

Value 

Units 

Contaminant  to  be  remediated 

PCE 

Total  area  to  be  remediated 

40,000 

fC2 

Number  of  Panels  for  remediation 

12 

Depth  to  groundwater 

7 

ftbgs 

Depth  to  aquitard 

20 

ft  bgs 

Saturated  thickness 

11 

ft 

Swept  thickness 

5 

ft 

Porosity 

0.3 

[-] 

Hydraulic  conductivity  =  lEE-4  m/sec 

l.OOE-04 

m/sec 

Total  volume 

440,000 

fC3 

16,296 

cubic  yards 

3,291,429 

gallons 

Swept  volume 

200,000 

fC3 

1,496,104 

gallons 

Total  area  of  one  panel 

3,333 

fC2 

Swept  volume  of  one  panel 

16,667 

fC3 

124,675 

gallons 

Pore  volume  of  one  panel 

5,000 

fC3 

37,403 

gallons 

Number  of  injection  wells  per  panel 

3 

Number  of  extraction  wells  per  panel 

6 

Number  of  hydraulic  control  wells  per  panel 

2 

Number  of  monitoring  points  per  panel 

8 

[Labor  requirement  =  2  technicians  and  1  professional  for  8  hrs/day 

DNAPL  preflush  water  flooding  to  flush  1  PV  = 

37,403 

gal  injected 

Operating  time  =  PV  /  Q(inj) 

6,234 

minutes 

3.0 

days  per  PV 

|«  Q  (m3/d)  =  T  (m2/d)  *  S  (m)  *  0.7  =  (1.5m)(8.64m/d)(0.75m)(0.7)  =  6.8  m3/d  =  1.3  gpm  {per  well}  j 

«  Q  (m3/d)  =  T  (m2/d)  *  S  (m)  *  0.7  » 

Q  =  K  *  b  *  S  *  0.7  K= 

l.OE-02 

cm/s 

l.OE-04 

m/s 

8.64 

m/d 

b  = 

1.5 

m 

S  = 

3 

m 

27.216 

=  Q(m''3/d) 

4.993 

=  Q  (gpm) 

Well 

Flow  Rate 
per  Well 

Total  Flow 

(gpm) 

(gpm) 

Injection  -  upper  section 

1 

3 

Injection  -  lower  section 

2 

6 

Hydraulic  control 

3 

6 

treatment  injection 

6 

sum  of  injections 

15 

18.75 

Extraction 

3 

18 

Total  extraction  rate 

18 

gpm 

Days  per  Pore  Volume 

4.0 

days 

Notes 


(Lower  portion  of  aquifer) 


Conversion  {this  is  the  bulk  volume  expressed  as  gallons) 
Conversion 


Conversion 

Conversion 


28,050/6.5  =  4,315  minutes  =  3.3  days  assuming  0.9  availability 


Composition 

0.185%  CaC12 
0.185%  CaC12 
0.185%  CaC12 
gpm 
gpm 

sum  times  1.25 

Produced  fluid  containing  100  mg/L  of  dissolved  PCE  and  free-phase 
DNAPL 

Extraction  sized  to  remove  1.25  times  the  total  injection  flow 
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Table  B.24.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88 
High  Permeability  Panel  of  One  Acre,  Polymer:  SEAR  Equipment  Sizinc 


Assumptions 


1.3 

3 

6.7 

1.35 

6 

8.1 

1.0 

87000 


Surfactant  soln  flow  per  well  (gpm) 
Number  of  surfactant  injection  wells 
Number  of  days  of  surfactant  operation 
Extraction  well  flow  (gpm) 

Number  of  extraction  wells 
Air  stripper  inlet  water  flow  (gpm) 
Propane  cost  {$/lb) 

Propane  heating  value  (BTU/lb) 


Surfactant  chemical  use 


Total  quantity  used  to  calculate  chemical  costs  Used  to  size  storage  tanks 


37403 

0.040 

0.160 

0.002 

8.119 

9.156 

0.308 

6.944 

0.800 

12147 

4307 

8747 

562 

Total  surfactant  solution  used  (gal) 

Active  surfactant  cone 
I  PA  cone 
CaCI2  cone 
Soln  density  (Ib/gal) 

Surfactant  density  (Ib/gal) 

Surfactant  activity 
I  PA  stock  density  (Ib/gal) 

I  PA  stock  cone 

Amount  of  active  surfactant  used  (lbs) 
Amount  of  surfactant  stock  soln  used  (gals) 
Amount  of  IPA  stock  soln  used  (gals) 
Amount  of  CaCI2  used  (lbs) 


10 

56160 

0.040 

0.160 

0.002 

8.119 

9.156 

0.308 

6.944 

0.990 

18239 

6467 

10613 

844 

Chemical  storage  requirement  (days) 

Surfactant  solution  used  per  batch  (gal) 

Active  surfactant  cone 

IPA  cone 

CaCI2  cone 

Soln  density  (Ib/gal) 

Surfactant  density  (Ib/gal) 

Surfactant  activity 
IPA  stock  density  (Ib/gal) 

IPA  stock  cone 

Amount  of  active  surfactant  used  (lbs) 
Amount  of  surfactant  stock  soln  used  (gals) 
Amount  of  IPA  stock  soln  used  (gals) 
Amount  of  CaCI2  used  (lbs) 


Air  stripper  and  cat  ox  design 


Inlet  concentration  (mg/L) 

Stripper  loading  rate  based  on  Lowe  et  al  2000  p  69 

Removal  efficiency 

Molecular  weight  of  compound 

Gas  to  liquid  volumetric  flow  ratio 

Maximum  cone  at  inlet  to  cat  ox  unit  (ppmv) 

Oxidizer  heat  load  (BTU/hr/SCFM) 

Stripper  diameter  (ft) 

Mass  flow  of  contaminant  (grams/min) 

Molar  flow  of  contaminant  (moles/min) 

Required  molar  air  flow  (moles/min) 

Required  air  flow  to  dilute  contaminat  (SCFM) 

Required  air  flow  for  stripper  (SCFM) 

Use  larger  of  the  two  required  flows  (SCFM) 

Calc  fuel  cost  assuming  the  halocarbon  provides  no  heat  input 

Fuel  cost  for  cat  ox  unit  ($/hr) 


Biotreatment  heater  design 


50 

80 

1.0 


1.394 


Inlet  temperature  (F) 

Outlet  temp  (F) 

Fleat  capacity  of  water  (BTU/lb) 

Biotreatment  heater  fuel  cost  ($/hr) 
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Table  B.24.  Cost  for  Full-Scale  SEAR  Application  at  a  Site  Similar  to  Camp  Lejeune  Site  88 
High  Permeability  Panel  of  One  Acre,  Polymer:  SEAR  Equipment  Sizinc 


Cutting  volume 


Well  type 

Number  of 
wells 

Well  depth 
(ft) 

Bore  hole 
diameter 
(in) 

Volume  of 
cuttings  per 
well  (CF) 

Total  volume 
of  cuttings 
(CY) 

Injection 

3 

20 

8 

6.99 

0.78 

Extraction 

6 

20 

8 

6.99 

1.55 

Hydraulic  centre 

2 

20 

8 

6.99 

0.52 

Multi-level  samp 

8 

20 

8 

6.99 

2.07 

4.92  Total  cutting  volume  (CY) 
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APPENDIX  C 


DETAILS  OF  SURFACTANT  RECOVERY  SYSTEM  COST  ANALYSIS 


This  page  left  blank  intentionally. 


APPENDIX  C 


DETAILS  OF  SURFACTANT  RECOVERY  SYSTEM  COST  ANALYSIS 

In  preparing  the  following  cost  estimates,  a  number  of  assumptions  have  been  made: 

1 .  Ninety-nine  percent  of  contaminant  must  be  removed  in  the  contaminant  removal  step  prior 
to  MEUF.  Although  only  95%  contaminant  removal  was  required  by  the  State  of  North 
Carolina  for  the  Camp  Lejeune  demonstration,  the  phenomenon  of  contaminant 
concentration  by  ultrafiltration  necessitates  higher  contaminant  removal  in  the  first  step.  For 
example,  if  contaminants  are  concentrated  five  times  by  ultrafiltration,  then  to  meet  a  95% 
contaminant  removal,  the  contaminant  removal  step  must  remove  99%  of  the  contaminant 
initially  (the  1%  contaminant  remaining  will  be  concentrated  up  to  5%  during  surfactant 
recovery  via  ultrafiltration). 

2.  The  contaminant  removal  system  operates  24  hours/day  for  the  duration  of  the  remediation 
(i.e.,  during  PITTs  and  floods). 

3.  Three  contaminant  removal  processes  are  technically  feasible: 

a.  pervaporation 

b.  air  stripping  with  off-gas  treatment  (using  no  antifoam) 

c.  liquid-liquid  extraction  (pricing  based  on  the  Akzo-Nobel  MPPE  system). 

4.  For  the  low-k  case,  surfactant  concentration  during  plateau  of  flood  is  1 .2  wt%.  (If  the  ratio 
of  extraction  to  injection  rates  is  1:0.4,  then  the  maximum  extraction  concentration  would 
be  1.6  wt%  for  a  4  wt%  injection  concentration.  Thus,  the  value  of  1.2  wt%  used  in  the 
estimates  assumes  25%  per  pass  loss  of  surfactant  in  the  soil.)  For  the  high-k  case, 
surfactant  concentration  during  plateau  of  flood  is  0.9  wt%.  These  are  hypothetical  values, 
actual  values  would  be  obtained  from  numerical  modeling. 

5.  The  surfactant  value  used  is  comparable  to  that  used  for  the  subsurface  remediation,  i.e., 
$4.50  per  pound  of  active  surfactant  for  the  2,500  or  3,300  ft2  scale,  and  $3.00  per  pound 
of  active  surfactant  for  the  0.5-  and  1.0-acre  scales. 

6.  MEUF  used  to  reconcentrate  surfactant  to  5  wt%. 

7.  Duration  of  MEUF  system  operation  is  equal  to  125%  of  the  duration  of  the  SEAR  surfactant 
flood. 

8.  Seventy-five  percent  of  surfactant  in  extracted  SEAR  fluid  is  recovered  by  MEUF.  Per 
assumption  #4,  the  extracted  fluid  contains  only  75%  of  the  injected  surfactant.  Thus,  the 
combination  of  soil  losses  and  MEUF  losses  results  in  only  56%  of  the  injected  surfactant 
being  recovered  for  reuse. 

9.  10-year  straight-line  capital  depreciation. 
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10.  Three  standard  salvage  value  scenarios  were  evaluated.  The  salvage  scenario  selected 
assumes  that  50%  of  the  potential  salvage  value  of  equipment  is  achieved.  Thus,  the  capital 
charge  is  the  amount  of  depreciation  due  to  the  time  of  use  plus  50%  of  the  remaining 
salvage  value  (salvage  value  =  initial  capital  minus  the  amount  of  depreciation). 

For  the  salvage  value  calculations,  first,  assume  that  new  equipment  is  being  purchased  for 
the  project  (the  worst  case).  Second,  assume  that  the  equipment  has  a  potential  lifetime  of 
10  years  -  this  is  a  pretty  safe  assumption  for  most  chemical  process  equipment.  Therefore, 
if  the  project  lasted  10  years,  all  of  the  capital  cost  would  be  charged  to  that  project. 
However,  if  the  project  only  lasts  1  year,  how  much  of  the  initial  investment  should  be 
assigned?  A  simple  answer  would  be  1/10  or  10%.  Under  those  conditions,  the  equipment 
would  retain  90%  of  its  original  value  at  the  end  of  the  project.  However,  that  assumes  that 
the  equipment  is  infinitely  flexible  in  its  use  -  i.e.,  that  it  could  be  used  in  another  project 
without  modification.  In  other  words,  it  is  assumed  that  the  salvage  value  of  the  equipment 
is  100%  of  the  undepreciated  amount  of  capital  invested  (in  the  case  of  the  1-year  project, 
the  salvage  value  would  be  90%  of  the  capital  cost). 

Because  this  is  rather  unlikely  due  to  site-to-site  variabilities,  the  end  value  needs  to  be 
reduced  by  some  amount  to  account  for  its  reduced  value  to  the  world.  It  is  assumed  that  the 
company  that  purchased  the  equipment  could  recover  50%  of  the  undepreciated  amount  of 
capital.  So,  for  the  1-year  project,  90%  of  the  original  capital  would  be  undepreciated  and 
the  company  could  salvage  45%  of  the  original  capital  (50%  of  the  90%).  The  capital  charge 
to  the  project  would  then  be  the  10%  reduction  due  to  depreciated  usage  plus  the  other  45% 
that  the  company  could  not  salvage  for  a  total  project  charge  of  55%  of  the  original  capital 
cost. 

Such  an  assumption  penalizes  short-term  projects  because  at  least  50%  of  the  original  capital 
cost  will  be  charged  to  the  project,  even  if  it  only  lasts  one  day.  For  a  10-year  project,  100% 
of  the  capital  cost  is  assigned,  just  as  it  should  be. 

Although  this  may  seem  like  an  odd  way  to  do  it,  it  is  generally  the  procedure  vendors  go 
through  to  come  up  with  lease  prices.  Leasing  specialized  equipment  for  1  week,  will  cost 
per  day  than  leasing  it  for  a  year.  The  main  reason  is  that  the  company  is  assuming  risk  by 
building  the  equipment  for  a  client  and  then  assuming  that  the  equipment  can  be  leased  later 
to  another  client.  The  shorter  the  lease,  the  more  risk,  and  the  more  that  company  will 
charge  their  client  to  accept  that  risk.  This  was  the  most  straightforward  approach 
conceivable  to  compare  costs  for  the  same  piece  of  equipment  operated  over  different 
periods  of  time  while  still  assigning  a  value  to  the  “risk”  associated  with  reusing  the 
equipment  elsewhere. 

Presumably,  if  a  project  were  able  to  make  use  of  equipment  that  had  been  used  previously, 
then  the  capital  costs  would  be  much  lower.  In  that  case,  the  cost  numbers  included  herein 
represent  the  worst  case. 

11.  It  should  be  noted  that  the  low  cost  option  for  shorter-term  installations  involves  leased 
equipment  rather  than  purchased  equipment.  For  example,  the  18-gpm  high  permeability 
surfactant  recovery  system  incurs  lease  costs  of  approximately  $22,000  for  the  MPPE  system 
or  air  stripper/off-gas  treatment  system  and  approximately  $22,000  for  the  MEUF  system 
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for  3 1  days  of  operation.  Similar  costs  were  assumed  for  the  6-gpm  low  permeability 
system.  Based  on  lease  and  purchase  estimates  for  the  systems  as  well  as  a  50%  salvage 
value  assumption,  purchasing  the  capital  items  makes  economic  sense  if  the  project  is 
expected  to  last  on  the  order  of  six  months  or  more.  For  projects  lasting  less  than  six 
months,  leasing  appears  to  be  the  low  cost  alternative. 

12.  The  biological  wastewater  treatment  system  will  still  be  required  to  process  MEUF 
permeate.  Despite  the  lower  flow  and  biological  oxygen  demand  (BOD)  load,  no  reduction 
in  cost  was  made. 

1 3 .  Air  stripping  treatment  will  still  be  required  for  the  MEUF  permeate  to  protect  the  biological 
treatment  system.  A  peak  PCE  concentration  of  10,000  mg/E  would  result  in  a  feed  to 
MEUF  of  100  mg/E  (after  99%  removal).  The  MEUE  permeate  would  then  have  less  than 
10  mg/E  of  PCE.  The  biotreatment  process  is  there  to  destroy  the  alcohol  and  surfactant  and 
will  probably  not  destroy  the  PCE  although  much  of  the  PCE  would  be  stripped  out  by 
aeration  in  the  bioreactors.  No  specific  level  of  PCE  was  set  to  protect  the  bioreactor,  but 
the  conservative  approach  would  be  to  keep  the  air  stripper.  However,  off-gas  treatment  will 
not  be  required  because  99%  of  the  contaminant  load  has  already  been  recovered.  Thus,  a 
reduction  in  capital  and  operating  costs  for  the  wastewater  treatment  system  for  the  off-gas 
treatment  component  will  be  assigned  to  the  recycling  system.  Because  the  Battelle  cost 
estimate  did  not  assume  a  salvage  value  for  the  off-gas  treatment  system,  the  estimated 
capital  cost  for  the  off-gas  treatment  unit  will  simply  be  subtracted  off  when  surfactant 
recycling  is  employed. 

14.  40  hours  per  week  of  technician  time  (plus  lesser  amounts  for  engineer  oversight)  will  be 
assigned  to  operate  the  recycling  system. 

15.  General  assumptions  for  the  low  permeability  (low-k)  scenario: 

a.  extraction  flowrate  =  6  gpm 

b.  duration  of  operations  for  one  panel  =127  days 

c.  duration  of  surfactant  flood  for  one  panel  =  58  days 

d.  Cost  of  contaminant  removal  systems 

i.  Air  stripping  w/  off-gas  =  $180,000  plus  $25,000/yr 

ii.  MPPE  =  $230,000  plus  $25,000/yr 

hi.  Pervaporation  =  $280,000  plus  $58,000/yr 

e.  Cost  of  MEUE  =  $160,000  plus  $25,000/yr 

f  Recovered  value  from  no  off-gas  treatment  =  $89,800  capital  plus  $4,700/yr  for 
operating  expenses  (prorated) 

16.  General  assumption  for  the  high  permeability  (high-k)  scenario: 

a.  extraction  flowrate  =18  gpm 

b.  duration  of  operations  for  one  panel  =  24  days 

c.  duration  of  surfactant  flood  for  one  panel  =  8  days 

d.  Cost  of  contaminant  removal  systems: 

i.  Air  stripping  w/  off-gas  =  $270,000  plus  $38,000/yr 

ii.  MPPE  =  $260,000  plus  $50,000/yr 

hi.  Pervaporation  =  $550,000  plus  $140,000/yr 
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e.  Cost  of  MEUF  =  $240,000  plus  $40,000/yr 

f  Recovered  value  from  no  off-gas  treatment  =  $89,800  capital  plus  $6,900/yr  for 
operating  expenses  (prorated) 

17.  Figure  C.l  shows  the  schematic  for  SEAR  wastewater  treatment  without  surfactant 
recycling. 

18.  Figure  C.2  shows  the  schematic  for  SEAR  wastewater  treatment  with  surfactant  recycling. 

19.  Figure  C.3  shows  the  conceptual  diagram  of  the  full-scale  SEAR  system  with  surfactant 
recovery. 


C-4 


:  ^  ^  V 


Clay  Aquitard 


Figure  C.l.  Schematic  Diagram  of  SEAR 
Wastewater  Treatment  without 
Surfactant  Recycling. 


Figure  C.l.  Schematic  Diagram  of  SEAR 
Wastewater  Treatment  with 
Surfactant  Recovery. 
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Figure  C.3.  Conceptual  Diagram  of  Full-Scale  SEAR  System  with  Surfactant  Recovery 
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ALTERNATIVE  TECHNOLOGY  COSTS  FOR  DNAPL  SOURCE 
REMEDIATION  AT  SITE  88,  MARINE  CORPS  BASE  CAMP  LEJEUNE 

This  letter  report  evaluates  the  eosts  for  implementing  pump  and  treat  (P&T),  steam  injeetion,  and 
resistive  heating  teehnologies  at  Site  88,  Marine  Corps  Base  (MCB)  Camp  Lejeune,  NC,  under  the 
same  eonstraints  and  parameters  used  for  surfaetant-enhaneed  aquifer  remediation  (SEAR) 
teehnology  eost  estimates.  This  report  was  prepared  under  Naval  Faeilities  Engineering  Serviee 
Center  (NFESC)  ContraetNo.  N47408-95-D-0730,  Delivery  Order  No.  0112. 

D,1  PUMP  AND  TREAT  SYSTEM  FOR  DNAPL  SOURCE  CONTAINMENT 

This  seetion  evaluates  the  eosts  to  implement  a  P&T  system  in  order  to  eontain  the  dense, 
nonaqueous-phase  liquid  (DNAPE)  souree  at  Site  88.  Beeause  groundwater  flow  at  the  site  is  to  the 
southwest,  the  DNAPE  souree  ean  be  eontained  by  installing  one  or  multiple  extraetion  wells  on  the 
southwest  side  of  the  DNAPE  souree.  The  P&T  system  ean  be  installed  inside  or  outside  Building 
25  so  that  dry-eleaning  operations  inside  are  not  disturbed. 

One  advantage  of  using  a  eontainment-type  P&T  system  is  that  the  groundwater  extraetion  rates 
assoeiated  with  sueh  systems  are  low  eompared  to  P&T  systems  for  plume  remediation.  When  a  low 
extraetion  rate  is  used,  the  air  effluent  from  stripping  often  does  not  have  to  be  treated,  beeause  the 
rate  of  volatile  organie  eompound  (VOC)  diseharge  to  the  ambient  air  is  often  within  regulatory 
limits.  And,  although  a  longer  period  of  operation  is  required  when  a  low  extraetion  rate  is  used, 
the  eosts  assoeiated  with  that  operating  period  are  more  than  offset  by  higher  effieieney  (lower 
influx  of  elean  water  from  outside  the  plume),  lower  initial  eapital  investment  (smaller  treatment 
system),  and  lower  annual  operations  and  maintenanee  (O&M)  requirements. 

Another  advantage  of  using  a  eontainment-type  P&T  system  is  that,  unlike  other  souree  removal 
teehnologies,  it  does  not  require  very  extensive  DNAPE  zone  eharaeterization.  However,  in  order 
to  design  a  P&T  system,  the  DNAPE  zone  must  be  loeated  and  its  extent  delineated  (i.e.,  to 
determine  the  proper  loeation  and  number  of  extraetion  wells)  for  effeetive  souree  zone  eontainment. 
Table  D.l  shows  a  preliminary  size  determination  for  a  P&T  system  at  Site  88.  Although  the 
DNAPE  at  the  site  lies  in  the  lower  5  ft  of  the  aquifer,  the  entire  1 1-ft  aquifer  thiekness  is  assumed 
to  be  within  the  influenee  of  the  extraetion  wells.  And,  although  the  desired  eapture  zone  width  is 
95  ft,  eapture  ineffieieneies  along  the  sides  will  permit  some  elean  water  from  the  adjoining  aquifer 
(i.e.,  an  extra  50%  volume  of  water)  to  be  drawn  into  the  wells.  This  safety  faetor  of  50%  ensures 
that  any  uneertainties  in  aquifer  or  DNAPE  souree  eharaeterization  are  aeeounted  for. 

Experienee  with  P&T  systems  at  previous  sites  indieates  that  the  most  effieient  long-term  P&T 
systems  are  operated  at  the  minimum  rate  neeessary  to  eontain  a  plume  or  souree  zone  (Cherry  et 
ah,  1996).  An  extraetion  rate  of  1  gal  per  minute  (gpm)  was  found  to  be  suffieient  to  eontain  the 
DNAPE  souree  at  Site  88.  A  preliminary  modeling  simulation  was  eondueted  to  ensure  that  the  low 
permeability  aquifer  eould  sustain  both  a  produetion  rate  of  1  gpm  and  to  determine  the  number  of 
wells  required  to  aehieve  that  rate.  The  simulation  showed  that  four  equally  spaeed  wells,  pumping 
at  approximately  0.25  gpm  eaeh,  would  enable  the  required  eapture  without  any  of  the  wells  running 
dry.  One  ehallenge  in  this  design  will  be  to  aequire  P&T  eomponents  that  are  small  enough  to 
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extract  at  a  relatively  low  rate  of  0.25  gpm  per  well,  but  are  heavy-duty  enough  to  withstand 
sustained  operation.  For  this  cost  evaluation,  P&T  system  components  were  selected  to  ensure  that 
the  well  pumps  can  withstand  periods  of  dry  operation  at  Site  88,  if  required  during  certain  seasons. 
Aboveground  control  valves  also  can  be  used  to  slow  down  pumping  rates,  if  required. 

Table  D.l,  P&T  System  Design  Basis  for  DNAPL  Source  Zone  at  Site  88,  MCB  Camp 
Lejeune. 


Item 

Value 

Units 

Hydraulic  conductivity,  K 

1.44 

ft/d 

Hydraulic  gradient,  I 

0.015 

ft/ft 

Porosity,  n 

0.3 

- 

Groundwater  velocity,  v 

0.072 

ft/d 

Width  of  DNAPL  zone,  w 

95 

ft 

Depth  of  DNAPL  zone,  d 

11 

ft 

Cross-sectional  area  of  DNAPL  zone,  a 

1,045 

ft" 

Capture  zone  required 

75 

ftVd 

Excess  capture  on  sides,  50% 

1.5 

- 

Safety  factor,  50% 

1.5 

- 

Required  pumping  rate 

-170  (0.9) 

ftVd  (gpm) 

Design  pumping  rate 

1 

gpm 

Number  of  wells  to  achieve  capture 

4 

- 

Pumping  rate  per  well 

-0.25 

gpm 

PCE  level  in  water  near  DNAPL  zone 

150 

mg/L 

PCE  level  allowed  in  discharge  water 

1 

mg/L 

Air  stripper  removal  efficiency  required 

99.33% 

- 

PCE  level  in  air  effluent  from  stripper 

1.8 

Ib/day 

PCE  level  allowed  in  air  effluent 

6 

Ib/dav 

D.l.l  Capital  Investment  for  the  P&T  System 

The  P&T  system  designed  for  this  application  is  illustrated  in  the  schematic  diagram  shown  in 
Figure  D.l.  Table  D.2  shows  additional  details  on  the  major  components  selected  for  the  P&T 
system.  Pneumatically  driven  pulse  pumps,  which  are  used  in  each  well,  are  safer  than  electrical 
pumps  in  the  presence  of  perchloroethylene  (PCE)  vapors  in  the  wells.  This  type  of  pump  can 
sustain  low  flowrates  during  continuous  operation.  Stainless  steel  (SS)  and  Teflon™  construction 
materials  ensure  compatibility  with  the  high  concentrations  (up  to  150  mg/L  PCE)  of  dissolved 
solvent  and  any  free-phase  DNAPE  that  may  be  expected.  Extraction  wells  are  assumed  to  be  20 
ft  deep,  2  inches  in  diameter,  and  have  stainless  steel  screens  with  polyvinyl  chloride  (PVC)  risers. 
Wells  are  screened  in  the  lower  5  ft  of  the  aquifer. 

The  aboveground  treatment  system  consists  of  a  DNAPE  separator  and  air  stripper.  Very  little 
free-phase  solvent  is  expected  and  the  separator  may  be  disconnected  after  the  first  year  of 
operation,  if  desired.  The  air  stripper  used  is  a  low-profile  tray-type  air  stripper.  In  contrast  to 
conventional  packed  towers,  low-profile  strippers  have  a  smaller  footprint,  much  smaller  height,  and 
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Figure  D.l.  Conceptual  Design  for  P&T  System 
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Table  D,2.  Capital  Investment  for  a  P&T  System  at  Site  88,  MCB  Camp  Lejeune, 


Item 

# 

Units 

Unit  Price 

Cost 

Basis 

Design/Procu  rent  en  t 

Engineer 

160 

hrs 

$70 

$11,200 

- 

Drafter 

40 

hrs 

$30 

$1,200 

- 

Hydrologist 

160 

hrs 

$70 

$11,200 

- 

Contingency 

1 

ea 

$10,000 

$10,000 

10%  of  total  capital 

TOTAL 

$33,600 

- 

Pumping  System 

Extraction  wells 

4 

ea 

$2,149 

$8,596 

2-inch,  20-ft-deep,  5-ft  SS 
screen;  PVC;  includes 
installation 

Pulse  pumps 

4 

ea 

$595 

$2,380 

2.1  gpm  max.,  1.66-inch  O.D. 
for  2-inch  wells;  handles  solvent 
contact;  pneumatic;  with  check 
valves 

Controllers 

4 

ea 

$1,115 

$4,460 

Solar  powered  or  1 10  V;  with 
pilot  valve 

Air  compressor 

1 

ea 

$645 

$645 

100  psi  (125  psi  max),  4.3  cfm 
continuous  duty,  oil-less;  1  hp 

Miscellaneous  fittings 

1 

ea 

$5,000 

$5,000 

Estimate 

Tubing 

80 

ft 

$3 

$271 

1/2-inch  O.D.,  chemical 
resistant;  well  to  surface 
manifold 

TOTAL 

$21,352 

- 

Treatment  System 

Piping 

100 

ft 

$3 

$339 

Manifold;  wells  to  DNAPL 
separator;  0.5 -inch  chemical 
resistant 

Trench 

1 

day 

$320 

$320 

Trencher  &  operator;  install 
piping  below  ground  surface 

DNAPL  separator  tank 

1 

ea 

$120 

$120 

125  gal;  high  grade  steel  with 
epoxy  lining;  conical  bottom 
with  discharge 

Air  stripper  feed  pump 

1 

ea 

$460 

$460 

0.5  hp;  up  to  15  gpm 

Piping 

10 

ft 

$3 

$34 

0.5  inch,  chemical  resistant; 
feed  pump  to  stripper 

Water  flowmeter 

1 

ea 

$160 

$160 

Low  flow;  with  readout 

Low-profde  air  stripper 
with  control  panel 

1 

ea 

$9,400 

$9,400 

1-25  gpm,  4  tray;  SS  shell  and 
trays 

Pressure  gauge 

1 

ea 

50 

$50 

SS;  0-30  psi 

Blower 

1 

ea 

$1,650 

$1,650 

5  hp 

Airflow  meter 

1 

ea 

$175 

$175 

Orifice  type;  0-50  cfm 

Stack 

10 

ft 

$2 

$20 

2-inch,  PVC,  lead  out  of 
housing 

Stripper  sump  pump 

1 

ea 

$130 

$130 

To  sewer 

Misc.  fittings,  switches 

1 

ea 

$10,000 

$10,000 

Estimate  (sample  ports,  valves, 
etc.) 

TOTAL 

$22,858 

- 
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Table  D,2.  Capital  Investment  for  a  P&T  System  at  Site  88,  MCB  Camp  Lejeune.  (continued) 


Item 

# 

Units 

Unit  Price 

Cost 

Basis 

Site  Preparation 

Concrete  pad 

400 

ft2 

$3 

$1,200 

20  ft  X  20  ft  with  berm;  for 
air  stripper  and  associated 
equipment 

Berm 

80 

ft 

$7 

$539 

- 

Power  drop 

1 

ea 

$5,838 

$5,838 

230  V,  50  Amps;  pole 
transformer  and  licensed 
electrician 

Monitoring  wells 

7 

wells 

$2,149 

$15,043 

Verify  source  containment; 
2-inch  PVC  with  SS  screens 

Sewer  connection  fee 

1 

ea 

$2,150 

$2,150 

- 

Sewer  pipe 

300 

ft 

$10 

$3,102 

- 

Housing 

1 

ea 

$2,280 

$2,280 

20  ft  X  20  ft;  shelter  for  air 
stripper  and  associated 
equipment 

TOTAL 

$30,152 

- 

Installation/Startup  of  Treatment  System 

Engineer 

40 

hrs 

$70 

$2,800 

Labor 

T  echnician 

320 

hrs 

$30 

$9,600 

Labor 

TOTAL 

$12,400 

- 

TOTAL  CAPITAL  INVESTMENT 

$120,362 

- 

can  handle  large  airiwater  ratios  (i.e.,  a  higher  mass  transfer  rate  of  contaminants)  without 
generating  significant  pressure  losses.  Because  of  their  small  size  and  easy  installation,  they  are 
used  for  groundwater  remediation  more  often  than  paeked  towers.  The  capaeity  of  the  air  stripper 
seleeted  is  mueh  higher  than  1  gpm,  so  that  additional  flow  (or  additional  extraetion  wells)  can  be 
handled  if  required. 

The  ability  of  the  air  stripper  to  handle  high  ainwater  ratios  ensures  that  PCE  and  other  minor 
volatile  components  are  removed  to  the  desired  (<  1  mg/L)  levels.  The  treated  water  effluent  from 
the  air  stripper  is  discharged  to  the  sewer.  At  the  low  groundwater  extraction  rate  required,  the 
resulting  contaminant  mass  in  the  air  effluent  from  the  stripper  is  less  than  2  Ib/day,  which  is  below 
a  typical  regulatory  limit  of  6  Ib/day.  The  air  effluent  can  be  discharged  without  further  treatment. 

The  piping  from  the  wells  to  the  air  stripper  is  run  through  a  1-ft-deep  eovered  treneh.  The  air 
stripper  and  other  assoeiated  equipment  are  housed  on  a  20-ft  x  20-ft  conerete  pad,  and  are  eovered 
by  a  basic  shelter.  The  Base  will  provide  a  power  drop  (through  a  pole  transformer)  and  a  licensed 
electrician  will  be  used  for  the  power  hookups.  Meters  and  control  valves  are  strategically  placed 
to  control  water  and  airflow  through  the  system. 

To  ensure  that  the  desired  eontainment  is  being  aehieved,  the  existing  monitoring  system  at  the  site 
will  have  to  be  supplemented  with  seven  long  (i.e.,  10  ft)  sereen  monitoring  wells. 
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D.1.2  Annual  Cost  of  the  P&T  System 


The  annual  costs  of  P&T  are  shown  in  Table  D.3  and  include  annual  O&M  and  monitoring  costs. 
Annual  O&M  costs  include  the  labor,  materials,  energy,  and  waste  disposal  cost  of  operating  the 
system  and  routine  maintenance  (including  scheduled  replacement  of  seals,  gaskets,  and  0-rings). 
Routine  monitoring  of  the  stripper  influent  and  effluent  is  done  through  ports  on  the  feed  and 
effluent  lines  on  a  monthly  basis.  Groundwater  monitoring  is  conducted  on  a  quarterly  basis  through 
seven  monitoring  wells.  All  water  samples  are  analyzed  for  PCE  and  other  chlorinated  volatile 
organic  compound  (CVOC)  by-products. 

D,1.3  Periodic  Maintenance  Cost 

In  addition  to  the  routine  maintenance  described  above,  periodic  maintenance  will  be  required  to 
replace  worn-out  equipment,  as  shown  in  Table  D.3.  Based  on  manufacturers’  recommendations 
for  the  respective  equipment,  replacement  should  be  done  once  every  10  or  20  years.  In  general,  it 
is  assumed  that  all  equipment  involving  moving  parts  will  be  replaced  once  every  10  years,  whereas 
other  equipment  will  be  changed  every  20  years. 

D.1,4  Present  Value  (PV)  Cost  of  P&T 

Because  a  P&T  system  is  operated  for  the  long  term,  a  30-year  period  of  operation  is  assumed  for 
estimating  cost.  Because  capital  investment,  annual  costs,  and  periodic  maintenance  costs  occur  at 
different  points  in  time,  a  life  cycle  analysis  or  present  value  (PV)  analysis  is  conducted  to  estimate 
the  long-term  cost  of  P&T  in  today’s  dollars.  This  life  cycle  analysis  approach  is  recommended  for 
long-term  remediation  applications  by  the  guidance  provided  in  the  Federal  Remediation 
Technologies  Roundtable’s  Guide  to  Documenting  and  Managing  Cost  and  Performance 
Information  for  Remediation  Projects  (Revised  Version)  (United  States  Environmental  Protection 
Agency  [U.S.  EPA],  1998).  The  PV  cost  then  can  be  compared  with  the  cost  of  faster  (DNAPE 
source  reduction)  remedies. 

Table  D.4  shows  the  results  of  PV  cost-estimate  calculations  made  for  a  P&T  system.  This 
cost-estimate  method  divides  each  year’s  cost  by  a  discount  factor  that  reflects  the  rate  of  return 
foregone  by  incurring  that  cost  (see  Equation  D.l).  The  cost  incurred  at  time  t  =  0  (i.e.,  the  current 
year)  is  the  initial  capital  investment  in  equipment  and  labor  to  design,  procure,  and  build  the  P&T 
system;  every  year  after  t  =  0,  a  cost  is  incurred  to  operate  and  maintain  the  P&T  system  (see 
Equation  D.2).  A  real  rate  of  return  (or  discount  rate),  r,  of  2.9%  is  used  in  the  analysis  as  per  recent 
U.S.  EPA  guidance  on  discount  rates  (U.S.  EPA,  1999). 
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Table  D,3.  Annual  and  Periodic  Cost  for  P&T  System, 


Item 

# 

Unit 

Unit  Price 

Cost 

Basis 

Annual  Operation  &  Maintenance 

Engineer 

80 

hrs 

$70 

$5,600 

Oversight 

T  echnician 

500 

hrs 

$30 

$15,000 

Routine  operation;  annual 
cleaning  of  air  stripper  trays, 
routine  replacement  of  parts; 
any  waste  disposal 

Replacement  materials 

1 

ea 

$2,000 

$2,000 

Seals,  O-rings,  tubing,  etc. 

Electricity 

52,560 

kW-hrs 

$0.10 

$5,256 

8  hp  (~6  kW)  over  1  year  of 
operation 

Sewer  disposal  fee 

525,600 

gal/yr 

$0.00 

$799 

- 

Waste  disposal 

1 

drum 

$80 

$200 

30  gal  drum;  DNAPL,  if  any; 
haul  to  incinerator 

TOTAL 

$28,855 

- 

Annual  Monitoring 

Stripper  effluent  air 

12 

smpls 

$120 

$1,440 

Discharge  quality;  monthly; 
CVOCs 

Stripper  effluent  water 

14 

smpls 

$120 

$1,680 

Discharge  quality  confirmation; 
monthly;  CVOC  analysis;  MS, 
MSD 

Monitoring  wells 

36 

smpls 

$120 

$4,320 

7  wells;  quarterly;  MS,  MSD 

Sampling  materials 

1 

ea 

$500 

$500 

Miscellaneous 

Technician 

100 

hrs 

30 

$3,000 

Quarterly  monitoring  labor 
(from  wells)  only;  weekly 
monitoring  (from  sample  ports) 
included  in  O&M  cost 

Engineer 

80 

hrs 

70 

$5,600 

Oversight;  quarterly  report 

TOTAL 

$16,540 

- 

TOTAL  ANNUAL  COST 

$45,395 

- 

Periodic  Maintenance,  Every  10  years 

Pulse  pumps 

4 

ea 

$595 

$2,380 

As  in  Table  D.2 

Controllers 

4 

ea 

$1,115 

$4,460 

As  in  Table  D.2 

Air  compressor 

1 

ea 

$645 

$645 

As  in  Table  D.2 

Air  stripper  feed  pump 

1 

ea 

$460 

$460 

As  in  Table  D.2 

Blower 

1 

ea 

$1,650 

$1,650 

As  in  Table  D.2 

Stripper  sump  pump 

1 

ea 

$130 

$130 

As  in  Table  D.2 

Miscellaneous  materials 

1 

ea 

$1,000 

$1,000 

Estimate 

T  echnician 

80 

hrs 

$30 

$2,400 

Labor 

TOTAL 

$13,125 

- 

Periodic  Maintenance,  Every  20  years 

Air  stripper 

1 

ea 

$9,400 

$9,400 

As  above 

Water  flowmeter 

1 

ea 

160 

$160 

As  above 

Airflow  meter 

1 

ea 

175 

$175 

As  above 

T  echnician 

80 

hrs 

$30 

$2,400 

Labor 

Miscellaneous  materials 

1 

ea 

$1,000 

$1,000 

Estimate 

TOTAL 

$13,135  - 

D-7 


Table  D,4.  Present  Value  of  P&T  System  Costs  for  30  Years  of  Operation. 


Year 

Annual  Cost(a) 

PV  of  Annual  Cost 

0 

$120,362 

$120,362 

1 

$45,395 

$44,116 

2 

$45,395 

$42,872 

3 

$45,395 

$41,664 

4 

$45,395 

$40,490 

5 

$45,395 

$39,349 

6 

$45,395 

$38,240 

7 

$45,395 

$37,162 

8 

$45,395 

$36,115 

9 

$45,395 

$35,097 

10 

$58,520 

$43,969 

11 

$45,395 

$33,147 

12 

$45,395 

$32,212 

13 

$45,395 

$31,305 

14 

$45,395 

$30,422 

15 

$45,395 

$29,565 

16 

$45,395 

$28,732 

17 

$45,395 

$27,922 

18 

$45,395 

$27,135 

19 

$45,395 

$26,370 

20 

$71,655 

$40,452 

21 

$45,395 

$24,905 

22 

$45,395 

$24,203 

23 

$45,395 

$23,521 

24 

$45,395 

$22,858 

25 

$45,395 

$22,214 

26 

$45,395 

$21,588 

27 

$45,395 

$20,979 

28 

$45,395 

$20,388 

29 

$45,395 

$19,814 

30 

$58,520 

$24,822 

TOTAL<'’> 

$1,534,722 

$1,051,990 

(a)  Annual  cost  in  Year  zero  is  equal  to  the  capital  investment.  Annual  cost  in  other  years  is  annual  O&M  cost  plus 
annual  monitoring  cost.  Annual  costs  in  Years  10,  20,  and  30  include  annual  O&M,  annual  monitoring,  and  periodic 
maintenance. 

(b)  Second  column  cost  of  $1,534,722  is  the  total  of  all  the  annual  costs  in  today’s  dollars  without  discounting.  Third 
column  cost  of  $1,051,990  is  the  total  of  all  the  annual  costs  with  discounting  at  2.9%. 
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Annual  Cost  in  Y ear  1 


PV 


P&TCosts  j 


(1%)' 


(D.l) 


PV 


P&TCosts 


^  ,  T  *  .0/ Annual  cost  in  Year  1 

Capital  Investment  % - 

(!%•)' 


Annual  cost  in  Year  n 
(!%■)" 


(D.2) 


The  total  PV  cost  of  purchasing,  installing,  and  operating  a  1-gpm  P&T  source  containment  system 
for  30  years  is  estimated  to  be  $1,052,000  (rounded  to  the  nearest  thousand).  Discounting  real  costs 
(or  costs  in  today’s  dollars)  with  a  real  rate  of  return  (rate  of  return  expected  before  taking  inflation 
into  account)  ensures  that  the  total  PV  cost  is  the  same,  regardless  of  the  true  level  of  inflation  in 
future  years.  Without  discounting  (r  =  0),  the  total  PV  cost  of  the  P&T  system  over  30  years  would 
be  $1,535,000  in  today’s  dollars  (see  total  in  Column  2,  Table  D.4).  The  total  in  Column  2  is  the 
simple  sum  of  all  the  annual  costs  (in  today’s  dollars),  without  any  expectation  of  a  return  on 
investment,  as  may  be  expected  in  a  government  agency.  Because  this  report  is  directed  primarily 
towards  government  sites,  this  undiscounted  PV  cost  number  is  used  for  comparison  with  the 
alternative  technologies. 

Long-term  remediation  costs  typically  are  estimated  for  30-year  periods  as  mentioned  above. 
Although  the  DNAPL  source  may  persist  for  a  much  longer  time,  the  contribution  of  costs  incurred 
in  later  years  to  the  PV  cost  of  the  P&T  system  is  not  very  significant  and  the  total  30-year  cost  is 
indicative  of  the  total  cost  incurred  for  this  application.  This  effect  on  costs  can  be  seen  from  the 
fact  that  in  Years  27,  28,  and  29,  the  differences  in  annual  PV  costs  are  not  as  significant  as  the 
difference  in,  say.  Years  1,  2,  and  3.  Because  of  discounting,  costs  incurred  in  later  years  have  a 
lower  impact  on  the  total  PV  cost  than  costs  that  are  incurred  in  earlier  years.  Discounting  is  a  way 
of  taking  into  account  the  benefit  of  postponing  costs  to  later  years;  postponing  costs  frees  up 
today’s  money  for  other  uses.  The  effects  of  discounting  and  inflation  are  illustrated  in  the 
additional  scenarios  discussed  below: 

•  So  far,  it  has  been  possible  to  ignore  inflation  because  the  examples  have  involved  real 
dollars  (today’s  dollars)  and  real  rates  of  return.  Columns  4  to  7  in  Table  D.5  illustrate 
another  way  of  looking  at  the  role  inflation  plays  in  future  years.  In  Columns  4  and  6, 
annual  costs  (obtained  using  values  in  Column  2)  are  inflated  by  2%  each  year  to  reflect  the 
effects  of  inflation  on  the  nominal  dollars  (paper  dollars)  that  will  be  paid  out  to  cover  P&T 
costs,  in  the  year  that  they  are  incurred.  The  total  nominal  P&T  dollars  paid  out  over  30 
years  add  up  to  $2,078,000  in  both  Columns  4  and  6. 

•  Nominal  (inflated)  costs  incurred  each  year  (Columns  4  and  7)  can  be  normalized  to  the 
same  base  year  (i.e..  Year  2000,  or  t  =  0)  by  adjusting  each  year’s  cost  for  inflation  and  rate 
of  return.  The  amounts  in  Column  5  are  calculated  by  adjusting  the  dollar  amounts  in 
Column  4  by  2%  for  inflation;  in  Column  7,  Column  6  costs  are  adjusted  for  both  inflation 
and  a  2.9%  real  rate  of  return.  The  total  PV  costs  in  Columns  5  and  7  are  $1,535,000  and 
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Table  D.5.  PV  of  P&T  System  Costs  with  Varying  Levels  of  Inflation  and  Discounting. 


Year  (n) 

Year  2000  dollars  and  2.9% 
Real  Rate  of  Return 
(Base  Case) 

2%  Inflation  and  0%  Real 
Rate  of  Return 
(Illustration) 

2%  Inflation  and  2.9%  Real 
Rate  of  Return  (Illustration) 

Annual  Cost 
(in  Year  2000 
dollars) 

PV 

(in  Year 
2000 
dollars) 

Annual 

Cost 

(in  Year  n 
dollars) 

PV 

(in  Year 
2000 
dollars) 

Annual  Cost 
(in  Year  n 
dollars) 

PV 

(in  Year 
2000 
dollars) 

0 

$120,362 

$120,362 

$120,362 

$120,362 

$120,362 

$120,362 

1 

$45,395 

$44,116 

$46,303 

$45,395 

$46,303 

$44,116 

2 

$45,395 

$42,872 

$47,229 

$45,395 

$47,229 

$42,872 

3 

$45,395 

$41,664 

$48,174 

$45,395 

$48,174 

$41,664 

4 

$45,395 

$40,490 

$49,137 

$45,395 

$49,137 

$40,490 

5 

$45,395 

$39,349 

$50,120 

$45,395 

$50,120 

$39,349 

6 

$45,395 

$38,240 

$51,122 

$45,395 

$51,122 

$38,240 

7 

$45,395 

$37,162 

$52,145 

$45,395 

$52,145 

$37,162 

8 

$45,395 

$36,115 

$53,187 

$45,395 

$53,187 

$36,115 

9 

$45,395 

$35,097 

$54,251 

$45,395 

$54,251 

$35,097 

10 

$58,520 

$43,969 

$71,336 

$58,520 

$71,336 

$43,969 

11 

$45,395 

$33,147 

$56,443 

$45,395 

$56,443 

$33,147 

12 

$45,395 

$32,212 

$57,572 

$45,395 

$57,572 

$32,212 

13 

$45,395 

$31,305 

$58,723 

$45,395 

$58,723 

$31,305 

14 

$45,395 

$30,422 

$59,898 

$45,395 

$59,898 

$30,422 

15 

$45,395 

$29,565 

$61,096 

$45,395 

$61,096 

$29,565 

16 

$45,395 

$28,732 

$62,318 

$45,395 

$62,318 

$28,732 

17 

$45,395 

$27,922 

$63,564 

$45,395 

$63,564 

$27,922 

18 

$45,395 

$27,135 

$64,835 

$45,395 

$64,835 

$27,135 

19 

$45,395 

$26,370 

$66,132 

$45,395 

$66,132 

$26,370 

20 

$71,655 

$40,452 

$106,476 

$71,655 

$106,476 

$40,452 

21 

$45,395 

$24,905 

$68,804 

$45,395 

$68,804 

$24,905 

22 

$45,395 

$24,203 

$70,180 

$45,395 

$70,180 

$24,203 

23 

$45,395 

$23,521 

$71,583 

$45,395 

$71,583 

$23,521 

24 

$45,395 

$22,858 

$73,015 

$45,395 

$73,015 

$22,858 

25 

$45,395 

$22,214 

$74,475 

$45,395 

$74,475 

$22,214 

26 

$45,395 

$21,588 

$75,965 

$45,395 

$75,965 

$21,588 

27 

$45,395 

$20,979 

$77,484 

$45,395 

$77,484 

$20,979 

28 

$45,395 

$20,388 

$79,034 

$45,395 

$79,034 

$20,388 

29 

$45,395 

$19,814 

$80,614 

$45,395 

$80,614 

$19,814 

30 

$58,520 

$24,822 

$106,001 

$58,520 

$106,001 

$24,822 

TOTAL 

$1.534.722<'’> 

$1.051.990<'’' 

$2,077,576 

$1,534,722 

$2,077,576 

$1,051,990 

(a)  Annual  cost  in  Year  zero  is  equal  to  the  capital  investment.  Annual  cost  in  other  years  is  annual  O&M  cost  plus  annual 
monitoring  cost.  Annual  costs  in  Years  10,  20,  and  30  include  annual  O&M,  annual  monitoring,  and  periodic  maintenance. 


(b)  Second  column  cost  of  $1,534,722  is  the  total  of  all  the  annual  costs  in  today’s  dollars  without  discounting.  Third  column  cost 
of  $1,051,990  is  the  total  of  all  the  annual  costs  with  discounting  at  2.9%. 


D-10 


$1,052,000,  respectively.  These  totals  are  the  same  as  the  totals  in  Columns  2  and  3,  which 
were  obtained  using  real  dollars  and  real  discount  rates. 

As  an  example  of  how  costs  would  vary  if  a  P&T  system  were  operated  for  a  much  longer 
period  of  operation  than  the  standard  30-year  period  of  calculation.  Figure  D.2  plots  the  total 
costs  of  operating  a  P&T  system  for  100  years  instead  of  for  30  years.  The  solid  line  or  the 
PV  cost  curve  flattens  with  each  passing  year  (as  discounting  reduces  the  impact  of  costs 
incurred  in  future  years).  Assuming  a  real  rate  of  return,  r,  of  2.9%,  the  total  PV  cost  of  P&T 
after  100  years  is  estimated  at  $1,649,000.  Without  discounting  (expected  rate  of  return  is 
assumed  as  zero),  as  may  be  the  case  for  a  government  entity,  the  total  PV  cost  of  P&T  after 
100  years  would  be  almost  $5  million.  If  nominal  dollars  (dollars  inflated  at  the  rate  of  2% 
each  year)  are  used  instead  of  real  dollars  (today’s  dollars),  the  total  dollars  paid  out  over 
100  years  would  be  approximately  $15  million. 


Figure  D.2.  P&T  System  Costs  Over  100  Years  of 
Operation. 


D.2  COST  OF  OTHER  ALTERNATIVES  (STEAM  INJECTION  AND  RESISTIVE 
HEATING) 

In  addition  to  a  P&T  system,  two  other  alternative  technologies-steam  injection  and  resistive 
heating-were  considered  for  DNAPL  source  containment  at  Site  88.  Vendors  for  these  two 
technologies  were  contacted  and  were  asked  to  provide  budget  cost  estimates  for  full-scale 
application  of  their  technologies  for  the  entire  DNAPL  source  zone  at  Site  88,  as  described  in  Table 
D.6. 


The  steam  injection  cost  estimate  was  based  on  application  of  steam-enhanced 
extraction/hydrous  pyrolysis  oxidation  (SEE/HPO™)  by  Integrated  Water  Resources  (IWR), 
Inc.  (Parkinson,  2000).  Steam  injection  mobilizes  DNAPL  toward  extraction  wells  by 
injecting  steam  to  thermally  reduce  surface  tension.  In  the  hydrous  pyrolysis  variation,  air 
is  injected  along  with  the  steam  to  break  down  CVOCs. 
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Table  D,6.  Site  Conditions  at  Site  88,  MCB  Camp  Lejeune. 


Parameter 

Value 

Area  to  be  remediated(a) 

2,500  tf  (232  m") 

Depth  to  aquitard 

18-20  ftbgs  (5.5  to  6.1  mbgs) 

Depth  to  water  table 

7-9  ft  (2.1  to  2.7  m) 

Porosity  of  aquifer 

0.3 

DNAPL  zone  vertical  thickness  in  aquifer 

5  ft  (1.5  m) 

Hydraulic  conductivity  of  the  lower  5  ft  of 
aquifer 

5  X  10  cm/sec  for  the  upper  2.5  ft  of  the  contaminated 
thickness  (and  for  the  uncontaminated  aquifer  above),  1  x 

10 '*  cm/sec  for  the  middle  1.5  ft,  and  5  x  KT^  cm/sec  for 
the  bottom  1  ft 

Hydraulic  conductivity  of  clay  layer 

5.76  X  10-"  ft/d  (2  X  10-’  cm/sec) 

DNAPL  zone  volume  to  be  remediated 

12,500  fP  (354  mb 

Approximate  volume  of  DNAPL  (PCE)  in  the 
aquifer 

609  gal  (2%  of  pore  space  on  average) 

DNAPL  distribution 

DNAPL  occupies  0.4-4%  of  pore  space 

DNAPL  (PCE)  cleanup  target 

Remove  at  least  441  gal  of  DNAPL  so  that  no  more  than 

168  gal  (or  0.6%  of  pore  space  on  average)  of  DNAPL  is 
left  behind  (72%  removal  efficiencv) 

(a)  Note  that  about  half  the  DNAPL  source  area  lies  under  Building  25  (the  dry-cleaning  building). 


•  The  resistive  heating  eost  estimate  was  based  on  applieation  of  six-phase  heating  (SPH™)  by 
Current  Environmental  Solutions  (CES),  Ine.  (Fleming,  2000).  SPH™  uses  an  array  of 
eleetrodes  installed  in  the  ground  to  generate  resistive  heating  of  the  soil  and  groundwater.  The 
DNAPL  is  volatilized  to  the  vadose  zone  and  eaptured  by  means  of  a  vapor  extraetion  system. 

In  both  teehnologies,  the  fluids  reeovered  aboveground  require  additional  treatment  before  they  are 
diseharged  to  a  sewer.  By  the  very  nature  of  their  applieation,  both  steam  injeetion  and  resistive 
heating  will  treat  the  entire  11  ft  of  aquifer,  not  just  the  lower  5  ft.  Neither  of  the  two  vendors 
indieated  any  additional  teohnology-speeifie  eharaeterization  requirements,  beyond  what  may  have 
already  been  done  to  delineate  the  hydrogeology  and  DNAPL  distribution  in  the  souree  region. 

D,2.1  Cost  of  Steam  Injection 

As  seen  in  Table  D.7,  the  adjusted  total  eost  estimate  of  the  steam  injeetion  teehnology  for  treatment 
of  the  Site  88  DNAPL  souree  is  $1,195,000.  The  vendor  had  ineluded  a  small  eost  for  additional 
site  eharaeterization  in  their  estimate,  but  this  eost  was  eliminated  for  this  evaluation  beeause  the 
eost  seemed  to  be  related  to  DNAPL  eonfirmation  rather  than  remediation  design.  The  design  basis 
for  these  eost  items  also  is  shown  in  Table  D.7.  The  steam  injeetion  proeess  is  estimated  to  require 
about  four  to  five  months  for  eompletion.  Evaeuation  of  Building  25  would  be  required  during  this 
period,  as  isolating  the  building  from  the  remedial  aetion  would  be  impraetieal. 

Different  variations  of  the  steam  injeetion  teehnology  are  being  demonstrated  at  the  Visalia, 
Portsmouth,  and  Cape  Canaveral  sites.  Based  on  the  experienee  at  these  sites,  the  vendor  proposes 
to  install  the  steam  injeetion  wells  in  an  array  surrounding  the  DNAPL  souree  zone,  and  will  be 
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placed  near  the  eenter  of  the  DNAPL  zone.  This  eonfiguration  is  expeeted  to  drive  the  DNAPL 
towards  the  eenter  of  the  souree  zone  and  prevent  migration. 


Table  D.7.  Steam  Injection  Costs  Estimated  for  Site  88,  MCB  Camp  Lejeune. 


Cost  Item 

Design  Basis 

Estimated  Cost 

Capital  Investment 

Additional  site  characterization 

No  additional  items  beyond 

DNAPL  source  characterization 

$0 

Treatability  testing 

None  required 

$0 

Design/Modeling 

Thermal/hydrologic  modeling, 
design 

$70,000 

Site  preparation 

Prepare  site  for  drilling 

$20,000 

Equipment  (leased  from  the  vendor 
for  this  remediation  project) 

Steam  boiler,  steam  lines,  liquid 
ring  vacuum  pump,  heat  exchanger, 
water  knockout  tank,  DNAPL- 
water  separator,  shallow-tray  air 
stripper,  thermal  oxidizer,  transfer 
tanks,  transfer  pumps 

$234,000 

Mobilization/Setup 

Equipment  set  up,  installation  of  15 
injection-extraction  wells 

$320,000 

Demobilization/Final  report 

Demobilize  equipment,  abandon 
wells 

$20,000 

Monitoring  system  installation 

Subsurface  thermal  monitoring 
array,  process/compliance 
monitoring  equipment 

$37,500 

Subtotal  Capital  Investment  Cost 

$701,500 

O&M  Costs 

Operations 

Four  to  five  months  of  operation; 
on-site  supervisor  and  assistant;  7 
days  per  week,  12  hr  per  day 

$191,000 

Materials 

Water  softeners  for  boiler  feed 
water;  miscellaneous  supplies 

$20,000 

Utilities 

Fuel  for  steam  boiler  and  thermal 
oxidizer,  electricity  for  pumps 

$100,000 

Waste  disposal 

Condensate,  extracted  groundwater 
treatment  with  air  stripper,  thermal 
oxidizer 

$90,000 

Maintenance 

Minimal 

$10,000 

Monitoring/analysis 

Compliance  and  process 
monitoring 

$82,000 

Subtotal  O&M  Cost 

$493,000 

TOTAL  REMEDIATION  COST 

$1,194,500 

D.2.2  Cost  of  Resistive  Heating 


As  seen  in  Table  D.8,  the  adjusted  total  eost  estimate  of  the  resistive  heating  teehnology  for 
treatment  of  the  Site  88  DNAPL  souree  is  $639,000.  All  eost  items  in  the  table  were  provided  by 
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the  vendor  (except  where  footnoted).  The  footnoted  items  (namely,  Monitoring  System  Installation 
under  capital  investment  and  Monitoring/Analysis  under  O&M)  are  those  that  this  vendor  prefers 
the  site  managers  should  handle.  The  cost  estimates  used  for  these  two  footnoted  items  in  Table  D.8 
are  the  same  as  those  provided  by  the  steam  injection  technology  vendor  in  Table  D.7.  Because  both 
remedial  technologies  are  thermal  technologies  that  rely  on  mobilization/volatilization  and  capture 
of  DNAPL,  the  monitoring  costs  are  likely  to  be  relatively  identical.  The  resistive  heating 
technology  vendor  assumed  that  the  treatment  area  based  on  the  actual  shape  of  the  DNAPL  zone 
was  slightly  higher  than  the  2,500-fk  value  provided  in  Table  D.6;  however,  for  this  budget  estimate, 
this  discrepancy  was  ignored.  The  vendor  based  the  resistive  heating  cost  estimate  on  vendor 
experience  at  1 1  sites  where  this  technology  has  been  applied. 


Table  D,8.  Resistive  Heating  Costs  Estimated  for  Site  88,  MCB  Camp  Lejeune, 


Cost  Item 

Design  Basis 

Estimated  Cost 

Capital  Investment 

Additional  site  characterization 

No  additional  items  beyond  DNAPL  source 
characterization 

$0 

Treatability  testing 

None  required 

$0 

Design/Modeling 

Design  drawings  and  text  to  support  regulatory  approval; 
addendum  to  site  safety  plan;  TOC  content  of  soil 
assumed  to  be  1%;  53  days  of  heating  to  reach 
remediation  goal 

$29,400 

Site  preparation 

Power  supply,  600  amps,  480  V,  three-phase;  to  be 
arranged  by  site  managers 

$15,000 

Equipment  (leased  from  the 
vendor  for  this  remediation 
project); 

500  kW  transformer;  12  electrodes,  8-inch  diameter;  15- 
hp  vapor  extraction  blower;  condenser;  granular 
activated  carbon;  includes  about  6%  extra  cost  to 
complete  installation  to  grade 

$228,000 

Mobilization/Setup 

Demobilization/Final  report 

Demobilize  equipment,  abandon  wells 

$37,300 

Monitoring  system  installation 

Subsurface  thermal  monitoring  array, 
process/compliance  monitoring  equipment 

$37,500<"> 

Subtotal  Capital  Investment  Cost 

$347,200 

O&M  Costs 

Operations 

Operating  labor,  maintenance 

$85,900 

Materials 

Carbon  purchase  and  disposal  cost  included  in  waste 
disposal  category 

$0 

Utilities 

Electricity,  447,000  kW-hrs 

$30,200 

Waste  disposal 

3  tons  of  soil  cuttings;  102,000  gal  of  condensate,  carbon 
disposal  arranged  by  site  managers 

$94,000 

Maintenance 

Included  in  operations 

$0 

Monitoring/ Analysis 

Compliance  and  process  monitoring 

$82,000<"> 

Subtotal  O&M  Cost 

$292,100 

TOTAL  REMEDIATION  COST 

S6.39..3nn 

(a)  Vendor  did  not  provide  these  items.  Cost  of  monitoring  system  and  monitoring/analysis  were  assumed  to  be  the  same  as  for 
steam  injection,  both  of  which  are  thermal  technologies. 
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The  presence  of  Varsol™  and  any  residual  surfactant  from  the  surfactant  enhanced  aquifer 
remediation  (SEAR)  demonstration  is  likely  to  increase  the  total  organic  content  (TOC)  of  the  soil 
and,  therefore,  the  time  required  for  remediation  by  resistive  heating.  The  vendor  projects  that  the 
remediation  at  Site  88  can  be  done  in  three  to  four  months  (three  to  four  weeks  for 
mobilization/demobilization,  two  weeks  to  reach  boiling  temperatures,  and  8  weeks  at  boiling  steady 
state).  The  cost  estimate  assumes  that  all  subsurface  equipment  will  be  completed  to  grade,  so 
evacuating  Building  25  would  not  be  required  except  during  installation  of  the  electrodes  and 
monitoring  equipment.  At  recent  sites,  the  vendor  has  grounded  the  top  portion  of  the  electrodes 
so  that  aboveground  activities  can  continue.  DNAPL  migration  will  be  prevented  by  installing 
electrodes  outside  and  around  the  edge  of  the  DNAPL  source  zone.  Thermocouple  bundles  and 
groundwater  monitoring  wells  around  the  perimeter  of  the  source  will  be  used  to  monitor  the 
potential  migration  of  thermal  influences  and  DNAPL. 

D,3  SUMMARY  OF  TECHNOLOGY  COSTS 

Table  D.9  summarizes  the  total  cost  of  SEAR  and  other  alternative  technologies  considered  for 
remediation  of  the  DNAPL  source  zone  at  Site  88,  MCB  Camp  Lejeune.  All  three  alternatives  (and 
SEAR)  have  been  used  previously  at  various  sites  for  DNAPL  source  remediation;  however,  their 
relative  technical  merits  under  different  site  conditions  may  vary,  and  these  performance 
advantages/limitations  have  not  been  considered  at  the  cost-evaluation  level  represented  in  this 
report.  It  also  is  assumed  that  SEAR  and  the  alternative  thermal  technologies  will  treat  the  DNAPL 
source  zone  to  a  point  where  natural  attenuation  will  be  able  to  address  any  residual  plume;  this 
assumption  does  not  apply  to  the  P&T  technology,  as  it  is  intended  to  achieve  containment  rather 
than  remediation.  The  posttreatment  cost  of  monitored  natural  attenuation  is  not  included  for  any 
of  the  technologies.  Lor  any  of  the  technologies  under  consideration,  costs  of  pre-  and  posttreatment 
site  characterization  of  the  DNAPL  source  have  not  been  included.  It  is  assumed  that  the  site 
owners  will  bear  the  cost  of  pre-  and  posttreatment  characterization,  and  that  technology  vendors 
will  be  presented  with  a  well-characterized  site. 


Table  D.9.  Summary  of  SEAR  and  Alternative  Technology  Costs  for  Full-Scale  Application 
for  Remediation  of  the  DNAPL  Source  Zone  at  Site  88,  MCB  Camp  Lejeune. 


Cost  Category 

SEAR(a) 

P&T  System*"* 

Steam 

Injection*"* 

Resistive 

Heating*"* 

Capital  Investment 

$890,000 

$120,000 

$702,000 

$347,000 

Contaminant  Disposal  Costs 

$3,800 

$30,000*'’* 

$90,000 

$94,000 

O&M  Cost(c) 

$498,100 

$1, 385,000"’* 

$403,000 

$198,000 

Total  (PV)  Cost 

$1,391,900 

$1,535,000"^  ■*> 

$1,195,000 

$639,000 

(a)  All  costs  rounded  to  the  nearest  thousand.  Post-remediation  action  required  to  control  any  residual  plume  is  not  included.  Costs 
of  site  characterization  of  the  DNAPL  source  zone  before  or  after  treatment  is  not  included  for  any  technology. 

(b)  $1,415,000  ($1,385,000  O&M  cost  and  $30,000  contaminant  disposal  cost)  is  the  undiscounted  (rate  of  return  =  0)  PV  of  the 
recurring  and  periodic  O&M  costs  in  today’s  dollars  spread  over  30  years  of  operation.  This  total  includes  $45,000  of  recurring 
annual  operating  and  maintenance  (O&M)  cost  incurred  in  every  year  of  operation,  $13,000  in  periodic  maintenance  costs 
incurred  every  10  years,  and  $13,000  in  periodic  maintenance  costs  incurred  every  20  years. 

(c)  O&M  costs  not  including  contaminant  disposal. 

(d)  $1,535,000  is  the  undiscounted  (rate  of  return  =  0)  PV  cost  over  30  years  of  operation.  This  total  is  the  sum  of  the  initial  capital 
invested  and  the  annual  real  costs  over  30  years.  If  P&T  were  to  be  continued  for  100  years,  the  total  undiscounted  PV  cost 
would  be  almost  $5  million. 
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SEAR,  steam  injection,  and  resistive  heating  are  source  remediation  technologies  with  applications 
that  can  be  completed  in  a  few  months.  P&T  is  a  long-term  source  control  technology,  and  the  total 
cost  for  this  option  is  based  on  the  PV  of  all  the  costs  incurred  over  a  30-year  period  of  application. 
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